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Description 

[00011 The present invention relates to an improved method and apparatus for bending a sheet of material such as 
glass. 

5 [0002] A conventional glass bending apparatus typically includes two rigid molds a male mold and female mold which 
are brought together to conform a heated sheet of glass positioned therebetween to the shape of the two molds during 
the press cycle of the bending process. Some bending methods may include a slump bending step, which is initiated 
before the press cycle begins. In such a step, the heated glass sheet may be held in a holder that includes a generally 
concave, upper support surface, formed by a formable material such as a stainless steel mesh sheet. Since the sheet 

10 of glass is heated to a temperature in the range of 538 degrees Celsius to 677 degrees celsius (1000 degrees Fahrenheit 
to 1250 degrees Fahrenheit) and is, therefore, in a softened state, the glass sheet partially conforms to the concave 
shape of the mesh sheet. Thereafter, as the female mold is moved towards the male mold, the female mold presses 
against the edge portions of the heated sheet of glass and the male mold presses on the center of the heated sheet 
of glass to start the press cycle of the bending process. As the two molds are pressed together, the bearing contact 

15 and pressure exerted by the molds on the edge portions and in the center causes the molds to further bend the sheet 
of glass. As the sheet bends, the bearing contact and pressure from the female mold expands from the edge portions 
of the sheet inward until it meets with the bearing pressure from the male mold, somewhere between the center and 
the perimeter of the sheet. Consequently, as the bearing pressure expands inwardly from the perimeter of the glass 
sheet, buckles form at the periphery of the plate to relieve forces due to the foreshortening of the compression side of 

20 the glass. As the bending is increased the buckles extend toward the center. The magnitude of the buckles are the 
greatest at the edge of the glass sheet, diminishing toward the center of the sheet. 

[0003] The larger the buckles and the further the buckles extend into the glass sheet, the smaller the useable area 
of the glass. This useable area is referred to as the "quality area." The size of the quality area directly impacts the 
value of the glass. The larger the quality area, the larger the size of the final product the curved glass and the greater 
25 the profit. In optical quality glass or plastic, the tolerance for distortions in the surface of the glass is extremely low. 
Hence the size of the quality area for optical glass is relatively small when conventional glass bending techniques are 
used. 

[0004] In addition to the limitations on the quality of the glass produced by conventional glass bending techniques, 
there are numerous process controls. The male and female molds require accurate alignment. This step can take up 

30 to two hours. Furthermore, the two rigid molds of the conventional glass bending apparatus require substantially perfect 
alignment of the heated sheet of glass between the two molds. If the glass sheet is not properly aligned, the peripheral 
edges of the sheet rest in a non-horizontal plane within the female mold so that when the female mold is moved toward 
the male mold, the male mold will first make contact with a portion of the glass that is off-set from the center of the 
glass sheet. Therefore, the glass sheet will have a bend that is off-center and, more than likely, the glass sheet will 

35 exhibit exaggerated buckling at least on one side of the sheet. Moreover, the conventional glass bending apparatus 
requires the temperature of the heated sheet of glass to be controlled within about 5 degrees. Also, debris, such as 
broken pieces of glass, that may be inadvertently left in the molding apparatus could damage one or both of the molds 
during the bending process. 

[0005] It is therefore an object of the present invention to provide an improved apparatus for and method of bending 
40 a sheet of heated glass or other formable material in which these disadvantages are avoided or mitigated. 
[0006] This object is achieved by the apparatus claimed in Claim 1 and the method claimed in claim 22. 
[0007] FR-A-1 553 891 corresponds to the pre-characterising portions of claims 1 and 22. It discloses a clam-shell 
type mold apparatus in which a flexible membrane is supported on an upper clamping member that pivots about a 
hinge from an open position to a closed position wherein the membrane is stretched over the top surface of the heated 
45 glass panel. After clamping the upper clamping member to the bottom portion of the mold, the membrane is pressurized 
causing the membrane to press against the panel and to re-form the panel to conform it to the shape of the mold. 
Therefore, it does not teach a conformable pressing element assuming a generally convex outer surface in a holding 
position which presses against the heated sheet when the conformable pressing element is moved from a holding 
position to an initial pressing position and thereafter rolls against the heated sheet to the final pressing position. Instead, 
50 it pressurizes the flexible membrane while in a closed position and, therefore, does not achieve the rolling effect of the 
present invention. 

[0008] US-A-3 600 150 discloses a molding apparatus that employs two rigid mold surfaces. It does not disclose or 
suggest the use of a pressurized conformable pressing element that rolls onto a heated sheet of glass to conform the 
glass to the rigid molding surface of a mold. 
55 [0009] Conventional methods of toughening or tempering a sheet of glass include air blast tempering and contact 
tempering. Air blast tempering is achieved by blowing cold air streams onto a sheet of glass heated to a toughening 
temperature. During the toughening treatment, the glass sheet is either held in a vertical position by tongs, which grip 
the upper edge of the glass sheet, or the glass sheet rests in a horizontal orientation with its edges resting on the 
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perimeter of a support or on an air cushion. In contrast, contact tempering is achieved by contacting a hot glass sheet 
with cooled surfaces of rigid pressing plates of a press. Contact tempering generally achieves lower deformations or 
distortions of the glass sheet than air toughening where the glass sheet is only held at an edge or on one face. 
[001 0] Bending and tempering of a glass sheet is typically performed in two separate steps. The bending step includes 

5 heating a sheet of glass and positioning the heated sheet of glass between two rigid molds to conform the glass sheet 
to the molds. After bending, the bent glass sheet is immediately transferred to a cooling area. Once in the cooling area, 
air is blasted onto the bent glass sheet to cool the exterior surfaces of the glass and thereby temper the glass. However, 
this type of apparatus is typically only suitable for tempering and bending glass sheets of 3 mm thick or greater. Thinner 
sheets of glass do not have sufficient heat capacity to hold the heat until the bending process is complete since thin 

10 sheets undergo rapid heat loss during bending due to the relatively cool bending tools and cooler ambient atmosphere 
in the bending area. As a result, the temperature of the glass sheet is decreased to a level below the minimum tem- 
perature at which adequate tempering can be affected. Rapid heat loss can be compensated for by overheating the 
thin sheet of glass prior to bending, but overheating tends to degrade the surface quality of the finish glass sheet which 
results from heat strains, pitting and the like. In some processes, the bending molds are positioned within the furnace 

15 to maintain the temperature of the thin sheet at the desired tempering temperature. However, this process restricts the 
types of mold material and impedes mold servicing. 

[0011] An apparatus for contact tempering and bending a sheet of glass is disclosed in U.S. Patent No. 4,826,522 
in which rigid cooling plates bend and cool the glass sheet simultaneously. The edges of the glass sheet are air tempered 
by compressed air, which is blown onto the edges during the contacting step. However, this apparatus is typically suited 
20 for glass sheets of 5 mm thickness or greater, and is not well suited for tempering thin sheets of glass. While contact 
tempering is generally capable of tempering thinner glass than air blast tempering and, generally, provides a better ■ 
conformance to the design shape for convex and concave parts, contact tempering has heretofore not been suitable 
for tempering very thin glass sheets, on the order of 3 mm or less. 

[0012] Consequently, it is a subsidiary object of the invention to provide an improved method and apparatus for 
25 tempering and bending glass that is suitable for relatively thin sheets of glass, for. example sheets of glass having a 
nominal thickness of 3 mm or less, or for example, sheets having a nominal thickness of 1 .7 mm or less, sheets having 
nominal thickness of 1 .1 mm or less as well as other thickness. Moreover, there is a need for an improved method and 
apparatus for tempering and bending glass that will increase the size of the quality zone of the tempered sheet of glass 
and reduce the number of process steps and inputs required to control the process, while at the same time providing . 
30 more control and uniformity to the tempering and bending process. 

[0013] These objects are achieved by certain embodiments of the invention described herein. 

[0014] Embodiments of the invention will now be described by way of example, with reference to the accompanying 

drawings, in which:-. 

35 Fig. 1 is a schematic view of a first embodiment of a glass bending apparatus of the present invention; 

Fig. 2 is a side elevational view of the embodiment of the glass bending apparatus shown in Fig. 1 illustrating the 
carrier assembly positioned between the rigid mold assembly and a conformable membrane assembly in a holding 
position; 

Fig. 3 is a top plan view of the molding apparatus; 
*o Fig. 4 is a cross-sectional, front elevational view of the glass bending apparatus, taken across line IV-IV of Figure 

3, illustrating the conformable membrane assembly with a flexible conforming membrane extended ready for press- 
ing; 

Fig. 4A is an enlarged detailed view of a gripping member holding the flexible conforming membrane; 
Fig. 5 is a cross-sectional, front elevational view of the glass bending apparatus, taken across line V-V of Figure 
4 5 3, illustrating the assembly with the flexible, conformable membrane pressing the center of the heated sheet of 

glass under the rigid mold; 

Fig. 6 is a cross-sectional front elevational view of the glass bending apparatus taken along line VI-VI of Figure 3, 
illustrating the assembly with the flexible conformable membrane conforming to the shape of the rigid mold at the 
end of the pressing cycle; 

50 Fig. 7 is a top plan view of a holder for holding a sheet of heated glass between the rigid mold and conformable 

membrane; 

Fig. 8 is a flowchart of the software program used in the control system; 

Fig. 9 is a graph of the pressure that is applied to the conformable membrane; 

Fig. 10 is a cross-sectional view similar to Fig. 4 illustrating a second embodiment of the glass bending apparatus 
55 jn which the glass sheet is pressed and rolled against a rigid female mold; 

Fig. 11 is a cross-sectional view of a second embodiment of the holder assembly having a concave support surface; 
Fig. 12 is a cross-sectional view taken along line Xil-XII of Fig. 11; 

Fig. 13 is a cross-sectional view similar to Fig. 12 illustrating another embodiment of the support surface; 
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Fig. 14 is a schematic view of one embodiment of the glass bending and tempering apparatus and the control 
system of the present invention; 

Fig. 1 5 is a front elevational view shown partially in section and similar to Figure 4 of a glass bending and tempering 
apparatus, illustrating an air manifold positioned between the conformable membrane assembly and the rigid mold 
5 assembly for cooling the glass sheet positioned between the two assemblies; 

Fig. 16 is a front elevational view shown partially in section and similar to Figure 4 of the glass bending and tem- 
pering apparatus illustrating a second embodiment of the air manifold; 

Fig. 17 is a front elevational view similar to Fig. 16 of the glass bending and tempering apparatus illustrating the 
conformable membrane pressing and rolling the glass sheet against the rigid mold assembly and conforming to 
10 the air manifold; 

Fig. 18 is a fragmentary, enlarged view of a portion of the glass bending and tempering apparatus of Figs. 16 and 
17 showing the conformable membrane pressing against the glass sheet and conforming to the air manifold; 
Fig. 19 is a cross-sectional view of the rigid mold assembly similar to Figs. 15-17 illustrating a third embodiment 
of the manifold; 

15 Fig. 20 is a cross-sectional view similar to Fig. 19 illustrating a further embodiment of the rigid mold assembly, the 

molding surface of the rigid mold including an insert; 

Fig. 21 is a cross-sectional view similar to Fig. 19 illustrating another embodiment of the rigid mold assembly with 
an insert; 

Fig. 22 is a cross-sectional view similar to Fig. 19 illustrating a cover extending over the rigid mold assembly; 
20 Fig. 23 is a plan view of the cover with portions broken away and extending over the rigid mold shown in Fig. 22; 

Fig. 24 is a plan view of another rigid mold cover; 

Fig. 25 is a plan view of a foraminous cover with portions broken away and extending over the conformable mem- 
brane; - 
Fig. 26 is a plan view of another embodiment of the cover extending over the conformable membrane; 
25 Fig. 27 is a cross-sectional view taken along line XXVII-XXVII of Fig. 15; 

Fig. 28 is a cross-sectional view taken across line XXVII l-XXVIII of Fig. 15; 

Fig. 29A is a plan view of the air manifold of Fig. 18 illustrating a plurality of air manifold vents; 

Fig. 29B is an enlarged partial perspective view of the air manifold of Fig. 29A; and 

Fig. 30 is a graphical representation of the bladder pressure versus the displacement of the conformable membrane 
30 assembly. 

. [0015] Referring to Figure 1, a bladder-molding apparatus 10 in accordance with the present invention is shown in 
a holding position. The bladder-molding apparatus 10 includes a rigid mold assembly 12, a carrier or holder assembly 
14, and a conformable pressing assembly 16. The rigid mold assembly 12 includes a press frame 18, which is supported 
35 on a rigid support structure S, and a rigid mold 19 supported from the press frame 18 on to which a sheet 20 heated 
to a formable state such as glass, plastic/resinous polymeric material, viscoelastic material, thermoplastic material, or 
other formable material, is pressed and rolled by conformable pressing assembly 16. The operation of the bladder- 
molding apparatus is controlled by a control system 21 through a drive system 22 and a pressure system 23, as will 
be more fully described. 

40 [0016] As is best seen in Figs. 2-6, in one preferred embodiment the rigid mold 19 preferably comprises a generally 
solid male mold formed from a material with a high coefficient of thermal conductivity. Alternatively, the rigid mold may 
comprise a rigid female mold, as will more fully described below in reference to Figure 10, or a mold with a surface 
having a complex curvature. Preferably, rigid mold 19 comprises a generally solid aluminum or aluminum alloy moid 
having a smooth, convex outer surface 24 on which the heated sheet 20 is rolled, as will be explained in more detail 

45 below. The term convex as used in this specification includes curved or radiused, spherical and multi-radiused curved 
surfaces. Rigid mold's 19 molding surface is preferably covered by a high temperature fabric/cloth 54 as will be ex- 
plained below. Cloth/fabric 54 is held in place by a band clamp 17, such as a large hose clamp, which extends over 
the perimeter of fabric/cloth 54 and around a groove 17a of mold 19 to thereby secure fabric/cloth 54 to mold 19. Rigid 
mold 19 is supported by press frame 18 on a cooling plate 26. Cooling plate 26 operates as a heat sink for rigid mold 

50 19. Cooling plate 26 preferably comprises an aluminum or metal plate with transverse passages to accommodate the 
flow of cooling fluid, which cools cooling plate 26 and rigid mold 19 primarily by thermal conduction. The final shape 
of the bent material is determined by the rate of cooling from the top surface to the bottom surface of the material 
during pressing and cooling below the strain point of the material. By varying the temperature of the top mold, the 
shape of the part can be varied. This process becomes stable when the system has reached equilibrium temperature. 

55 if the mold is too cold, condensation will occur. Condensation can cause glass breakage. Consequently, the temperature 
of the mold and the cooling plate should be above the dew point of the surrounding air. Preferably, cooling plate 26 
cools rigid mold 19 to maintain the temperature of the rigid mold between about 4.4 and 48.9 degrees Celsius (40 and 
120 degrees Fahrenheit). More preferably, cooling plate 26 cools rigid mold 19 to maintain the tern perature'of the rigid 
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mold between 26.7 and 48.9 degrees Celsius (80 and 120 degrees Fahrenheit). Most preferably, cooling plate 26 cools 
rigid mold 19 to about 37.8 degrees Celsius (100 degrees Fahrenheit). 

[0017] Conformable pressing assembly 16 is adapted to extend and press a heated sheet of forma ble material, such 
as glass, plastic/resinous polymeric material, viscoelastic material, thermoplastic material, or other formable material, 

5 against the rigid mold 19. As best shown in Figures 2-6, conformable pressing assembly 16 comprises an open ended 
bladder frame 27 which is extend ably supported on a rigid frame F. Opened ended bladder frame 27 is formed from a 
cylindrical wall 28 that is welded or otherwise secured to the die plate 29. In order to extend conformable pressing 
assembly 1 6, die plate 29 is extendably supported on a frame F by a power cylinder 30, which is extended and withdrawn 
to move conforming pressing assembly 16 from a holding position to a pressing position. Cylinder 30 is preferably a 

10 hydraulic cylinder with an integral position sensor, available from PARKER HANNIFIN in DesPlaines, Illinois. Cylinder 
30 is connected by a valve 30a and a conduit 30b to a hydraulic supply 31 (Fig. 1 ). Alternately, cylinder 30 may comprise 
a pneumatic cylinder, a ball screw driven cylinder including, for example, a servo motor, or the like. Die plate 29 is 
stabilized on the frame F by a pair of extendable guides 32a and 32b (Figs. 2 and 4-6), which extend through frame F 
as the conformable pressing assembly 16 is raised or lowered by cylinder 30. 

is [001 8] As best seen in Figure 4, a flexible, conformable membrane 33 extends over and is secured to the perimeter 
34a of an open end 34 of the frame 27 by an annular gripping element or clamp 35 that is preferably welded to the 
entire perimeter of cylindrical wall 28. Membrane 33 may comprise a silicone rubber material and operates like a 
diaphragm, flexing in (dotted lines in Fig. 4) and out (solid lines in Fig. 4) of the open end of frame 27 in response to 
the pressure applied from fluid 38 in the chamber 36, as explained below. Also, membrane 33 is preferably covered 

20 by a high temperature fabric or cloth 54 which may be secured to the frame along with membrane 33, as will be 
described below. In its extended position, membrane 33 assumes a convex upper surface 40 for rolling the sheet 20 
onto the rigid moid 19 as will be more fully explained. Preferably, membrane 33 is a polymeric/fiberglass laminate with 
a thermal conductivity within the range of between about 426.9 and 0.0043 W / (m*m.K/m) (2960 and 0.03 BTU in./h. 
ft*ft degrees Fahrenheit) can withstand a temperature greater than 260 degrees Celsius (500 degrees Fanrenheit) and 

25 has a durometer hardness reading within the range of between about 45 and 80 Shore A. More preferably, membrane 
33 is a polymeric/fiberglass laminate with a thermal conductivity within the range of between about 0.433 and O.144 
. VW (m*m.k/m) (3 and 1 BTU in/hr.ft*ft degrees Fahrenheit) and a durometer hardness reading within the range of 
between about 67 to 79 Shore A. Most preferably, membrane 33 is a polymeric/fiberglass laminate with a thermal 
conductivity of at least 0.274 W/(m*m.K/m) (1.9 BTU ln./hr.ft*ft degrees Fahrenheit) and a durometer reading of at 

30 least 20 Shore A. Moreover, the range of the thickness of membrane 33 is preferably about 0.025 mm to 10 mm thick. 
More preferably, membrane 33 is about 1 .5 mm to 3.5 mm thick. Most preferably, membrane 33 is about 1 .59 mm thick. 
[0019] CylindricaLwall 28, die plate 29, and membrane 33 define a chamber 36. Chamber 36 is made air tight by 
welding cylindrical wall 28 to die plate 29 and by a pair of continuous, o-rings 35a in gripping member 35 which provide 
a seal between membrane 33 and gripping member 35 (Fig. 4 and 4A). Gripping member 35 includes a lower ring 35b 

35 welded to the top edge of wall 28 and a groove in its upper surface in which one o-ring 35a is seated. An upper ring 
35c has a groove in its lower surface in which the other o-ring 35a is seated. Upper and lower rings 35b, 35c are 
clamped together and held by a series of spaced screws 35d with the periphery of membrane 33 held therebetween. 
[0020] Chamber 36 preferably holds a substantially incompressible fluid 38, such as water, that is pressurized to 
inflate or press on the membrane 33. Fluid 38 is pressurized by an annular, donut shaped inflatable bag/bladder 42, 

40 such as an air bag, that is positioned in chamber 36. Bag 42 is flexible and may be formed from urethane covered 
nylon and is inflated or deflated with a compressible fluid, such as gaseous air, to increase or decrease the pressure 
of fluid 38 in the chamber 36 through tubing 44a which communicates with bag 42 through a port 44 in the frame 27. 
As best seen in Figure 1, tubing 44a connects the bag 42 to a plant air supply P through the control system 21. The 
air entering port 44 is preferably regulated by control system 21 through a valve 48. Valve 48 is preferably a proportional 

45 valve which operates as a pressure regulator to release the pressure in the air bag 42 when the pressure in the fluid 
38 exceeds a desired maximum level and permits air to enter into the air bag 42 when the pressure in the fluid 38 falls 
below the desired pressure. Valve 48 is most preferably a pneumatic proportioning valve, series DFT also available 
from PARKER HANNIFIN. 

[0021] The combination of the conformable membrane 33 and the generally constant pressure in the fluid 38 allows 
50 the membrane 33 to roll from the central portion of the sheet 20 to the sheet's perimeter to generally conform to the 
molding surface of the rigid mold 19. This rolling action significantly reduces the buckling that is associated with con- 
ventional glass bending methods and, consequently, increases the size of the quality zone. By rolling from the central 
portion of the heated sheet 20, the excess material, which is inherent in the bending of a heated, softened sheet of 
material, moves from the sheet's center to the sheet's perimeter. The length and extent of the buckles are significantly 
55 reduced. Also, any buckles which are formed are positioned toward the perimeter. While this method still induces some 
buckling in the sheet of rectangular glass, the buckles are smaller in depth and length and the size of the quality area 
is increased significantly. For example, on a sheet with dimensions of 10.5 by 8.5 inches, and the size of the quality 
area is increased by about 0.5 inch on each edge. 
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[0022] In another preferred embodiment, a bladder-molding apparatus 110 is shown in Fig. 10 and includes a rigid 
mold assembly 112, a carrier or holder assembly 114, and a conformable pressing assembly 116. The rigid mold 
assembly 112 includes a press frame 118, which is supported on a rigid support structure S, and a rigid mold 119 
supported from the press frame 18 on to which heated sheet 20 is pressed and rolled by conformable pressing assembly 

5 116. The operation of and hardware for operating bladder-molding apparatus 1 1 0 is similar to the operation of bladder- 
molding apparatus 10; therefore, reference is made to bladder-molding apparatus 10 for the details of the control 
system and hardware. As best seen in Fig. 10, the rigid mold 119 preferably comprises a generally solid female mold 
formed from a material with a high coefficient of thermal conductivity, similar to mold 19. Preferably, rigid mold 119 
comprises a generally solid aluminum mold having a smooth, concave outer surface 124 on which the heated rigid 

10 sheet 20 is rolled, as will be explained in more detail below. Rigid mold 119 is supported by press frame 118 on a 
cooling plate 126. Cooling plate 126 preferably comprises an aluminum or metal plate with transverse passages to 
accommodate the flow of cooling fluid, which cools the rigid mold 119 primarily by thermal conduction. Reference is 
made to the details of cooling plate 26 as cooling plate 126 operates in a like manner to cooling plate 26. 
[0023] Conformable pressing assembly 11 6 is adapted to extend and press a sheet of material heated to a formable 

15 state, such as glass plastic/resinous polymeric material, viscoelastic material, thermoplastic material, or other heated 
formable material, or the like, against the rigid mold 119. As best shown in Figure 10, conformable pressing assembly 
116 is of similar construction to conformable pressing assembly 16; therefore, reference is made to conformable press- 
ing assembly 16 for the overall details and manner of operation of conformable pressing assembly 116. A flexible, 
conformable membrane 133 extends over and is secured to the perimeter 134a of an open end 134 of the frame 127 

20 by an annular gripping element or clamp 135 that is preferably welded to the entire perimeter of cylindrical wall 128. 
Membrane 133 may comprise a silicone rubber material and operates like a diaphragm, flexing in (dotted lines in Fig. 
10) and out (solid lines in Fig. 10) of the open end of frame 127 in response to the pressure applied from fluid 38 in 
the chamber 136. In its extended position, membrane 133 assumes a convex upper surface 140 for rolling the sheet 
20 onto the rigid mold 119. However, the radius of curvature of the extended membrane 133 is generally smaller than 

25 the radius of curvature of extended membrane 33 since in the preferred manner of operation conformable pressing 
assembly 116 presses the central area of sheet 20 against the vertex region of the concave female mold. The term' . 
concave as used in this specification includes curved or radiused, spherical and multi-radiused curved surfaces. Ref- 
. erence is made to membrane 33 for details of other preferred compositions, properties, and thicknesses. 
[0024]* The combination of the conformable membrane 133 and; the controlled pressure in the fluid 38 allows the 

30 membrane 133. to roll from the central portion of the sheet 20 to the sheet's perimeter , thus generally conforming to 
the molding surface of the rigid mold 119. In a similar manner to bladder-molding assembly 10, this rolling action 
significantly reduces the buckling that is associated with conventional glass bending methods and, consequently/ in- • 
• • ■ creases the size of the quality zone. However, in some applications where the female mold's radius of curvature is 
smaller than the curvature of the inflated membrane 133, the conformable pressing assembly 116 presses on or near ' 

35 the perimeter of the heated sheet, rolling from the outside edge portion of the heated sheet to the center of the sheet 
20. The rolling action provides a uniformity of pressure that reduces buckling in the heated sheet. Other mold shapes 
may provide multi-directional rolling action as the conformable membrane presses the heated sheet on the rigid mold 
surface, for example, a mold having an aspheric molding surface. 

[0025] The female mold 1 1 9 is particu larly usef u I when bending coated sheets of glass or other conformable material, 
40 where the coating is on the concave side of the heated sheet. Coatings can be damaged or distorted when compressed 
against a rigid mold; therefore, it is preferred to roll the uncoated side of the heated sheet against the rigid mold so 
that the coated side faces the conformable membrane 1 33 where the coating will not be damaged or marred by contact 
with the rigid mold. Furthermore, glass that is coated with an infrared reflecting coating is difficult to heat if the coating 
is on the top side of the sheet. Typically, the primary furnace heaters are on the top of the furnace. If the coating is on 
45 the top of the glass, most of the heat is reflected away from the glass, causing the glass to heat very slowly. A part 
having a coated concave side can be produced by bending the coated glass into a concave mold. 
[0026] The remainder of embodiment 1 1 0 of the bladder-molding apparatus is substantially similar to that of embod- 
iment 10 including holder 114 and the remainder of conformable pressing assembly 116. 

[0027] As best illustrated in Figures 4-7, the carrier assembly 14 or 114 for holding the heated sheet before, during, 
50 and after bending comprises a hoop frame 50, supported by a carrier arm 52, and a flexible fabric 54 that is supported 
by hoop frame 50 to provide a conformable support surface for the heated sheet of glass during bending. The hoop 
frame 50 is preferably formed from angle steel 56. Angle steel 56 includes two substantially orthogonal legs 58 and 
60, with vertical leg 58 defining the side 61 of the hoop and leg 60 defining an outwardly extending shoulder 62 around 
the perimeter of hoop frame 50. Flexible fabric 54 is secured to hoop frame 50 by an adjustable retaining ring/band 64 
55 which compresses the cloth 54 against the side 61 of hoop frame 50 and may rest on shoulder 62. Retaining ring/band 
64 is a metal strip, for example a stainless steel hose clamp, and includes plurality of holes or slots on one end and a 
connector on the other end for increasing or decreasing the diameter of the ring/band 64 to adjust the tension in the 
ring 64 and the compression on flexible fabric 54. A small diameter wire, for example 0.318cm (1/8") diameter, may 
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be welded to the top of angle steel 56 above band 64 to prevent flexible fabric 54 from sliding. 
[0028] Preferably, flexible fabric 54 comprises a flexible, stainless steel cloth. More, preferably flexible fabric 54 is a 
flexible stainless steel cloth, available under the trademark BEKITHERM FA S800-316L, N.V. BEKAERT S.A. Zweve- 
gen, Belgium. In some applications, flexible fabric 54 may comprise other flexible high temperature cloths, such as a 
5 ceramic cloth, fiberglass cloth or, felt, such as, for example Burlington Glass Fabrics Co. Rockleigh, New Jersey, styles 
116, 7781, 1979, or 1926, or any other like insulating cloths. High temperature cloths as referenced herein generally 
include a material which is flexible and can withstand temperatures in excess of 620 degrees C. Since the density and 
thickness of the fabric 54 controls the cooling rate of the heated sheet 20, the weave pattern, thickness, and/or density 
of the fabric may be varied to tailor the final shape of the bent part. 
10 Therefore, its selection depends on the thickness of the sheet being bent and the material of the sheet being bent, 
whether it is glass, thermoplastic, or plastic or the like. In applications requiring more accuracy, fiberglass cloths having 
a range of thickness may be used as an overlay on one or more of the stainless steel cloth, the rigid mold, and/or the 
conformable flexible membrane to vary the cooling rate of the sheet and provide a smoother surface on which the 
sheet may rest. In glass bending applications, conformable membrane 33 preferably includes a layer of high temper- 
is ature cloth in order to protect the membrane from the high temperatures associated with the bending of glass. The 
fiberglass cloths may range in thickness from approximately 0.013 to 0.132 cm (0.005 to 0.052 inches) thick. 
[0029] Generally, in cylindrical glass bending, the glass will generally bend toward the side that cools slower. This 
also occurs, but to a lessor extent, with three dimensional glass bending. Thus, by changing the mold coverings and, 
hence, the rate of cooling, one can affect the shape of the bent product. The shape of the glass can be ftne tuned by 
20 adjusting the top to bottom cooling rates. The material type and thickness of the mold coverings vary greatly with the 
type of product one is trying to bend. The type of bend, two dimensional or three dimensional, sheet size, sheet thick- 
ness, product shape, and coatings will influence what type of mold coverings are used. Table 1 illustrates several 
specific examples of combinations of high temperature fabrics used with the bladder-bending apparatus of the present 
invention. For example: 

25 



TABLE 1 





COVERINGS 


AVERAGE RADIUS 


MAXIMUM RADIUS 


MINIMUM RADIUS 


30 


Top Mold/#1 Cloth, 
Bottom. 

Bladder/#2 Cloth 


57.9 cm 
(22.8 in.) 


59.4 cm 
(23.4 in.) 


54.9 cm 
(21.6 in.) 


35 


Top Mold/#3 Cloth, ' 
Bottom Bladder/#3&#2 
Cloth 


61.2 cm 
(24.1 in.) 


70.1 cm 
(27.6 in.) ' 


55.4 cm 
(21.8 in.) 


Cloth#1=BFG Style 1926, Burlington Glass Fabrics Co. Rockleigh, New Jersey 




Cloth#2=Siltemp HT52, Ametek Haveg Div. Wilmington DE. 




cloth#3=Bekitherm FA S800-316, N.V., Bekaert S.A. Zwevegen, Belgium 


40 


Note: The glass used in these examples was heated to about 668.3 degrees Celsius (1 ,235 degrees Fahrenheit) 
and had dimensions of 31.274cm x 23.34cm x 0.305cm (12.3125" x 9.1875" x 0.120") and was bent on a 57.4cm 
(22.6") spherical radius male mold. Eighteen readings were taken per part using a standard 3.81 cm (1.5") chord 
length radius gauge. In the second example, the #2 cloth was outermost and contacted the heated glass. 



45 [0030] In one preferred embodiment, carrier assembly 14 also includes a weight 68 to flatten the holding surface 70 
of flexible fabric 54. Weight 68 preferably comprises a ring of dense material such as steel or other metal, and sits on 
fabric 54 between the sides 61 of the hoop frame 50 adjacent the periphery of the heated sheet. Preferably, weight 68 
is adjacent the inner perimeter of hoop frame 50. Most preferably, weight 68 comprises a stainless steel ring 72. The 
diameter of the ring 72 may be sized to fit in the hoop frame 50 immediately adjacent sides 61 so that the fabric 54 is 

so pulled nearly flat and supported in a generally planar position and the holding surface area 70 is maximized. By main- 
taining the heated sheet 20 flat before bending, the heated sheet 20 will not slump or start to bend significantly before 
it is rolled against the rigid mold 19 and will not develop the buckles that are associated with slump bending. 
[0031] In another preferred embodiment of carrier assembly 14', shown in Figures 11-13, flexible fabric 54' may 
comprise a formable, stretched stainless steel mesh cloth or perforated metal sheet 54a*, which is formed close to the 

55 desired final bent shape of the sheet 20. A suitable fabric is 304 SS 26 GA. 10.4cm (5/32") hole diameter, 0.48cm 
(3/16") staggered pattern from Ferguson Perforating & Wire Co., Providence Rhode Island. In this manner, the support 
surface for the sheet 20 is non-planar and heated sheet 20 slumps to the shape of the fabric 54'. Preferably, the support 
surface is generally concave. Furthermore, fabric 54' may include a layer of high temperature cloth 54b*. which overlays 
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the metal mesh cloth layer and forms a contact surface on which heated sheet 20 is placed (Fig. 12). 
[0032] As described above in reference to cooling plate 26, 126 in the first mold assembly 12, 112 and the cooling 
properties of the high temperature cloths 54, the bending process includes a cooling step. The cooling process assures 
that once the sheet has achieved its desired shape, it is cooled sufficiently to maintain its shape. Therefore, like the 

5 rigid mold assembly 12 and the carrier assembly 14, the conformable pressing assembly 16 also includes a device for 
cooling. Preferably the cooling device comprises cooling coils 74 or 174 (Figs. 4 and 10) which are positioned in cham- 
ber 36 or 136 to cool fluid 38 and, ultimately, membrane 33 or 133. Coils 74, 174 extend exteriorly of the chamber to 
connect to a coolant water supply (not shown). Coolant water is flushed through coils 74 or 174, entering coils 74 or 
174 from an inlet side of the coils and discharging from an outlet side of the coils. Since coils 74 or 174 are immersed 

10 in fluid 38, the heat from fluid 38 is absorbed by the coolant water in the coils, which is then discharged at the outlet 
side of the cooling coils. This continual flushing of coolant water through coils 74 or 174 draws the heat from fluid 38, 
which draws heat from membrane 33 or 133, and maintains the temperature of fluid 38 in the chamber 36 or 136 to a 
range of 17.8 to 48.9 degrees Celsius (70 degrees Fahrenheit to 120 degrees Fahrenheit). Most, preferably, the tem- 
perature of fluid 38 is maintained between 32.2 and 37.8 degrees Celsius (90 and 100 degrees Fahrenheit). Conse- 

15 quently, fluid 38 serves two functions it both inflates and cools membrane 33 or 133. 

[0033] Cooling coils 74, 174 are housed in a compartment 75 of chamber 36, 136 below a perforated holding plate 
76, 176. Holding plate 76, 176 is provided to contain air bag 42 or 142 in the lower portion of chamber 36 and prevent 
air bag 42, 142 from floating up into the upper portion of chamber 36 and interfering with the functions of fluid 38 of 
inflating and cooling membrane 33. Plate 76, 176 is supported from the interior of cylindrical wall 28 and by a cylindrical, 

20 vertical partition wall 77, 177, which extends below plate 76, 176 to die plate 29, 129. Preferably, plate 76, 176 is 
positioned below the fully flexed, downward position of membrane 33. As shown, holding plate 76, 176 is circular and 
conforms to the inner perimeter of cylindrical wall 28 or 1 28 and is supported by bolts 26a or 1 26a which extend through 
flanges 26b (Fig. 6) provided on the interior surface of cylindrical wall 28 or 128. However, plate 76, 176 may also 
comprise a multi-sided shape plate, such as a square, hexagon, or octagon plate. Yet, the closer the plate 76, 176 

25 conforms to the inner perimeter of the cylindrical wall, the smaller the gap between the plate 76, 1 76 and the cylindrical 
wall 28 or 128 and the less likely that the air bag 42, 142 will interfere with pressurization and cooling of membrane 
33, 133. To assure that the fluid in chamber 36 or 136 can flow freely through chamber 36 or 136, partition wall 77, 
177 is provided with a plurality of apertures 78, 178. Apertures 78, 178 permit the fluid 38 to flow through chamber 36 
or 136 and compartment 75 or 175 so that air bag 42, 142 can pressurize fluid 38. Furthermore, apertures 78, 178 

30 permit fluid 38 to circulate adjacent cooling coils 74, 174. As shown, apertures 78, .178 are semi-circular, but may 
comprise any geometric shape. It should be understood from the description, that the vertical nature of cooling coils 
74, 174 causes the fluid 38 in chamber 36 or 136 to move in a circular pattern around coils 74, 174 giving a convective . 
cooling to fluid 38. 

[0034] Preferably, fluid 38 cools membrane uniformly so that rigid sheet 20 is similarly uniformly cooled. Therefore, 
35 the process control steps preferably include the step of removing air bubbles from fluid 38. Air bubbles typically result 
from dissolved gases in the fluid being released by the heat from the heated sheet of glass 20. As best seen in Figure 
10 in reference to the second embodiment to the bladder-molding apparatus, air bubbles generally collect at or near 
the apex of membrane 133 and, therefore, may form undesirable thermal discontinuities in membrane 133 and, con- 
sequently, form undesirable stress marks in heated sheet of glass 20. The air bubbles may be removed by a conduit 
40 79a. Conduit 79a is preferably a flexible tube that can move as the pressure of the conformable pressing assembly 
116 increases and as membrane 133 is compressed so that it does not interfere with the bending process. Conduit 
79a is suspended in fluid 38 by a flotation device 79b, such as a float formed from a low density material, such as cork. 
Conduit 79a extends exteriorly of chamber 136 to vent the gas in the bubble through a valve 79c. In addition or alter- 
natively, an air absorber solution may be added to fluid 38 to absorb the gas or gases in fluid 38. For example, an 
45 additive may comprise air absorber solution WATERWORTH HUSHHHHH (T.M.) available from Waterworth, Lawndale, 
California, which keeps the air in solution. The conduit 79a with float 79b and/or air absorber solution may be used 
with all embodiments of the bladder-bending method and apparatus, including apparatus 10. 

[0035] As best seen in Fig. 4, rigid mold 19 includes an aperture 19a, which communicates through a passageway 
19b formed in rigid mold 19 and cooling plate 26 with a plant air supply, P. Preferably, the flow of air from plant air 

50 supply P is regulated through a valve 80 (Fig. 1 ) and controlled by control system 21 . The flow of air from aperture 1 9a 
is used to break a vacuum which typically develops between the mold and the sheet during the bending process. In 
this manner, the air provides a release mechanism for the heated sheet after bending. Furthermore, in addition to 
directing air between rigid mold 19 and heated sheet 20, aperture 19a provides a thermal discontinuity in the rigid mold 
19. This thermal discontinuity forms a stress mark on the heated sheet, which is particularly useful and desirable in 

55 aspherical or cylindrical bends. Preferably, aperture 19a is aligned along an axis of bending to provide a stress mark 
that can function as a reference mark. In addition, or alternatively, at least one insert 19c may be provided in rigid mold 
19 to form another thermal discontinuity in the rigid mold 19. Furthermore, insert 19c may be positioned along an axis 
of bending. Insert 19c preferably is formed from material having a coefficient of thermal conductivity that is different 
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than the coefficient of thermal conductivity of the rigid mold it can either be greater or less than the coefficient of the 
thermal conductivity of the rigid mold. Preferably, the coefficient of thermal conductivity is within the range of between 
about 99* and 75 percent greater or less than the thermal conductivity of the rigid mold. More preferably, the coefficient 
of thermal conductivity is within the range of between about 99 + and 90 percent greater or less than the thermal con- 

5 ductivity of the rigid mold. Most preferably, the coefficient of thermal conductivity is within the range of between about 
99+ and 98 percent greater or less than the thermal conductivity of the rigid mold. For instance, insert 1 9c may comprise 
a ceramic material. More preferably, insert 19c is copper, which has a coefficient of thermal conductivity that is greater 
than that of the preferred aluminum mold. Of course, other materials could also be used such as silver. Most preferably, 
the thermal discontinuity comprises an air hole. Where more than one thermal discontinuity is provided, inserts 19c 

10 and/ or apertures 19a may be aligned along more than one axis of bending. In this manner, the stress marks in the 
sheet 20 may be used to locate the sheets axes of bending, and can be used in cutting the bent sheet 20 to size. As 
will be apparent, aperture 119a conduit 119b and/or inserts similar to inserts 19c may be used with female mold em- 
bodiment 110 in the same manner. 

[0036] Control system 21 includes a control unit 82 which actuates drive system 22 and the pressure system 23. 

15 Drive system 22 includes hydraulic cylinder 30 which extends and withdraws to move conformable pressing assembly 
16, 116 from its holding position to its pressing position. As shown in Fig. 6, when cylinder 30 is fully extended, con- 
formable assembly 16, 116 is in the fully conforming position wherein membrane 33, 133 completely covers sheet 20 
and generally conforms to the convex, concave, or compound shape of rigid mold 19 or 119. Pressure system 23 
includes the plant air supply P, valve 48, valve 80, and tubing 44a, 84a, 84b, and 79. Tubing 84a supplies the plant air 

20 to valve 48, which in turn supplies air to the air bag 42, 142 through tubing 44a in chamber 36 or 136 for inflating air 
bag 42, 142. When the pressure in bag 42, 142 exceeds the desired maximum pressure, for example, 0.276 bar (4 
psi) the pressure regulator valve 48 operates like a pressure relief valve and releases the pressure in the bag 42, 142. 
At the same time, valve 48 maintains the fluid pressure within a range of between about 1 .034 and 0.138 bar (15 and 
2psi). More preferably, valve 48 maintains the fluid pressure at a relatively constant pressure, for example 0.276 bar 

25 (4psi) .Tubing 84b delivers air from plant air supply P to aperture 19a through valve 80 and tubing 79. When the bending 
process is complete, control system 21 activates valve 80 to deliver plant air to passageway 19b, 119b through tubing 
> 79. ....... 

[0037] Control unit 28 may comprise a microprocessor or a conventional personal computer. Control unit 82 (Fig. 1) 
preferably comprises a programmable logic controller (PLC), model PLC-5,' available from ALLEN BRADLEY in Mil- 

30 waukee, Wisconsin, which is programmed with a software program 86. Preferably the programmable logic controller 
includes a linear positioning module, model 1771-QB,»and an analog output module, model 1771-NBVI, both available 
from ALLEN BRADLEY. The flow chart for the software program 86 is shown in Figure 8. The software program 86 is 
a sequencing program which operates on one basic input parameter, the position of the conformable pressing assembly 
16. Based on the position of the conformable pressing assembly 16, the software program selects and initiates a 

35 sequence that is preprogrammed into the PLC 82. As shown in Figure 8, in general the first step is to activate valve 
30a, which delivers hydraulic fluid to the cylinders 30 to extend the cylinder 30 at a close press fast rate until the 
conformable pressing assembly 16, 116 reaches a speed shift position. At the speed shift position, control system 21 
actuates valve 48 to deliver air to air bag 42, 142 through tubing 44a until the pressure in the fluid 38 and bag 42, 142 
reaches desired ramp pressure, for example 0.276 bar (4 psi). At the same time, the speed of the pressing assembly 

<o 16, 116 is slowed to a close press slow rate by reducing the flow of hydraulic fluid to the cylinder 30 through valve 30a. 
As the membrane 33, 133 continues to make contact and moves closer to rigid mold 19, 119, the pressure in air bag 
42, 142 increases, at which point pressure regulator valve 48 discharges the air from bag 42, 142 through outlet 44 
and tubing 44a to maintain the pressure in bag 42, 142 at, for example 0.276 bar (4 psi). When cylinder 30 reaches 
its full stroke position, control unit 82 actuates valve 30a to release the hydraulic pressure in cylinder 30 so that it 

45 returns to its fully withdrawn position and conformable pressing assembly 16, 116 is returned to its holding position. A 
graphical representation of one preferred sequence of the pressurizing and the de-pressuring of the fluid 38 is shown 
in Figure 9. Figure 9 illustrates the relationship between the position of the conformable pressing assembly 16, 116 
and the speed of conformable pressing assembly 16, 116. The arrows on the graph indicate the direction of the se- 
quence. It should be understood that this is just one form of the sequence which may be used in the bending process. 

50 [0038] In operation, it should be understood that once heated sheet 20 is in a position between the rigid mold as- 
sembly 12, 112 and conformable pressing assembly 16, 116, control system 21 moves conformable pressing assembly 
16, 116 toward rigid mold assembly 12, 112 at a first rate of speed. When the sheet is glass, it is first heated to a 
temperature between about 538 and 677 degrees Celsius (1000 and 1250 degrees Fahrenheit) before being positioned 
between the mold assembly and conformable pressing assembly. Other materials are heated to a suitable temperature 

55 allowing them to be pressed and formed but not be in a molten state. Such temperature will vary with the material. For 
example, a sheet of thermoplastic material may become suitably formable at 65.6 degrees Celsius (150 degrees Fahr- 
enheit). Control system 21 monitors the position of assembly 16, 116 with respect to rigid mold assembly 12, 112. 
When assembly 16, 116 reaches a speed shift position, the control system 21 inflates air bag 42, 142 to pressurize 
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fluid 38 in chamber 36, 136 to the ramp pressure. The ramp pressure is preferably in the range of 0.138 bar to 0.482 
bar (2 psi to 7 psi). Most preferably, ramp pressure is in the range of approximately 0.276 bar to 0.289 bar (4 psi to 4.2 
psi). As air bag 42, 142 inflates, the pressure in the fluid 38 increases and, since fluid 38 is substantially incompressible, 
fluid 38 inflates the flexible membrane 33, 133. Inflated, flexible membrane 33, 133 assumes a convex shape, having 

5 a convex upper surface 40, 140 for pressing the central portion of heated sheet 20. Control system 21 then extends 
conformable pressing assembly 16, 116 toward the carrier assembly 14, 114 and the rigid mold assembly 12, 112 at 
a second rate of speed so that the apex 49, 149 (Figs. 4 and 10) of the convex surface of membrane 33, 133 presses 
the central portion of the heated sheet of glass 20 against the rigid mold 19, 119. Alternatively, depending on the radii 
of membrane 133 and female mold 119, the convex upper surface of membrane 133 may first contact the peripheral 

10 edges of the heated sheet as described above. The rolling action of the membrane against the female mold 119 may 
be multi-directional, depending on the specific mold shape. Similarly, for molds having complex curvatures on their 
surfaces, the rolling action may be multi-directional as the membrane and mold are moved toward one another. As the 
membrane 33, 133 is pushed toward rigid mold 19, 119, rigid mold 19, 119 exerts a counter pressure on membrane 
33, 133 which causes the membrane 33, 133 to deform and to increase the pressure in the fluid 38. Control system 

15 21 is programmed to maintain the pressure in fluid 38 at a controlled ramp pressure and, therefore, releases pressure 
in air bag 42, 142 through valve 48 as the pressure from rigid mold 19, 119 on the membrane increases above the 
desired ramp pressure. Control system 21 moves conformable pressing assembly 16, 116 until membrane 33, 133 
completely covers the entire surface area of the sheet 20 and, at which point, membrane 33, 1 33 fully conforms heated 
sheet 20 to the shape of rigid mold 19, 119. Once the press is closed, the pressure in fluid 38 is preferably maintained 

20 at relatively constant pressure, usually 0.69 bar (10 psi) or less, to ensure consistent thermal contact between all the 
pressing elements during the cooling phase. Consequently, valve 48 is preferably a proportional valve which relieves 
the pressure in air bag 42, 142 when the pressure in bag 42, 142 reaches a selected maximum pressure. Valve 48 
deflates air bag 42, 142 when the pressure in fluid 38 exceeds the maximum pressure and allows air to flow into air 
bag 42, 142 when the pressure in fluid 38 decreases below a minimum pressure. After the press cycle is complete, 

25 control system 21 actuates valve 80 to permit the flow of air from plant air supply P to be delivered to aperture 19a, 
119a so that the bent sheet of glass 20 is released from rigid mold 19, 119. 

[0039] While the description of. the first preferred embodiment is described in reference to conformable pressing 
assembly 16, 116 being extendably supported on frame F and being moved from a holding position to a pressing 
position by a cylinder 30, it should be understood that more than one cylinder can be provided. Furthermore, rigid mold 

30 assembly 12, .112 can be similarly extendably supported on support- structure S and can include at least one cylinder; 
to move the rigid mold assembly 12, 112 from a holding position to a pressing position while conformable pressing 
assembly 16, 116 is stationary. Moreover, the rigid mold assembly 12, 112 and conformable pressing assembly 16, 
116 maybe supported and positioned to reciprocate along any plane, including a horizontal plane, or a canted plane,- 
such 45 degrees. Therefore, references to "upper" and "lower" are not intended to limit the scope of the invention to 

35 rigid assembly 12, 112 and conformable pressing assembly 16, 116 positioned and spaced along a vertical axis. 

[0040] In a third embodiment of the present invention, a bending and tempering apparatus 210 is shown in Figs. 14 
and 15, which includes a rigid mold assembly 212, a carrier or holder assembly 214, and a conformable pressing 
assembly 216. Bending and tempering apparatus 210 provides a method of rapidly cooling the edges of a heated sheet 
of glass, which do not contact either the rigid mold 219 of the mold assembly 212 or the flexible membrane 233 of 

40 pressing assembly 216, while bending and cooling the upper and lower surfaces of sheet 20. Preferably, bending and 
tempering apparatus 210 cools the edges of sheet 20 at the same rate as or at a faster rate of cooling than the central 
portion of sheet 20. In this manner, the edges and upper and lower surfaces of sheet 20 are cooled to place the edges 
and upper and lower surfaces of sheet 20 in compression to achieve tempering of sheet 20. Apparatus 210 is suitable 
for a wide range of glass thickness and permits bending and tempering of very thin sheets of glass on the order of 3 

45 mm and less. 

[0041] Rigid mold assembly 212 includes press frame 18, which is supported on a rigid support structure (not shown), 
and rigid mold 219 supported from press frame 18 onto which heated sheet 20 is pressed and rolled by conformable 
pressing assembly 216. Bending and tempering apparatus 210 provides bending and contact tempering of heated 
sheet 20 with the edge tempering of sheet 20 achieved either by air blasting or contact cooling. The term "air blasting" 

50 js used in its broadest sense air blasting can be achieved by directing air or gas to heated sheet 20. Furthermore, the 
term "gas" is used in a broad sense. Gas includes, for example, air, nitrogen, and carbon dioxide, and the like. Moreover, 
gas includes gas containing liquids, for example gaseous liquids, such as moisture laden air, steam, air "fogs", and 
anatomized liquids, and the like, which are especially suitable for cooling thin sheets of glass. In addition, such air may 
be cooled or chilled. Preferably, both the rigid mold assembly 21 2 and conformable pressing assembly 216 are adapted 

55 to cool and, therefore, contact temper the upper and lower surfaces of heated sheet 20, while sheet 20 is roiled and 
pressed against rigid mold 21 9, as will be more fully explained. In the illustrated embodiments, air blast edge tempering 
is achieved either by an air manifold or by a foraminous cover that directs air to sheet 20 and its edges 20a. Contact 
edge tempering is achieved by one or both of the rigid mold assembly 212 and the conformable pressing assembly 
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216 being adapted to have a high thermal conductivity and heat capacity that is suitable for contact tempering the edge 
of sheet 20. 

[0042] Tempering or toughening can be quantified in several ways: 1) by the stress in the glass; 2) by the fragmen- 
tation pattern of a shattered piece of glass; or 3) by the strength of the glass. Bending and tempering apparatus 210 

5 may provide differing degrees of tempering. Preferably, bending and tempering apparatus 210 provides tempering or 
heat strengthening wherein the surface compression of the tempered sheet of glass is in the range of about 241 bar 
to 689 bar (3,500 psi to 10,000 psi) or even greater. Preferably, the surface compression of the edge of the tempered 
sheet of glass is at least 379 bar (5,500 psi). More preferably, the tempered sheet has a surface compression of at 
least 689 bar (10,000 psi) with an edge compression of at least 668 bag (9,700 psi) to meet ASTM C 1048 9.1.1.1 and 

10 9.1.1.2 standards. 

[0043] As best seen in Figures 15-17, rigid mold assembly 212, carrier assembly 214, and conformable pressing 
assembly 216 are of similar construction to rigid mold assembly 12, carrier assembly 14, and conformable pressing 
assembly 16, respectively, with the exceptions that will be noted below. Therefore, reference is made to rigid mold 
assembly 12, carrier assembly 14, and conformable pressing assembly 16 for the general details of their components 
15 and operation. The control of bending and tempering apparatus 210 is also similar to the control of bladder-molding 
apparatuses 10 and 110 with the exceptions noted below. Therefore, reference is made to bladder-molding apparatus 
10 for the details of control system 21 and other associated hardware. 

[0044] Referring to Fig. 1 5, edge tempering of sheet 20 may be achieved by an internal air manifold 224 which directs 
air to edge 20a of heated sheet 20 while sheet 20 is pressed and rolled against rigid mold 219 by conformable pressing 

20 assembly 216. Air is delivered to manifold 224 from plant air supply P through tubing 224a, which is regulated by valve 
224b and control system 21 and pressurized preferably between 0.345 bar and 13.8 bar (5 psi and 200 psi). However, 
in some applications the plant air supply P may be pressurized as high as 207 bar (3,000 psi) or more. In a first preferred 
form, manifold 224 comprises an annular conduit 226. having a plurality of spaced openings or apertures 228 through 
which air is passed and directed to sheet 20. It should be understood that conduit 226 may be one of a plurality of 

25 shapes.and depends on the shape of sheet 20 as conduit 226 preferably extends around the perimeter of sheet 20. 
Manifold 224 is mounted on rigid mold assembly 212 by a plurality of relatively rigid supports 230 (only one of which 
. is shown), which are welded or otherwise fixedly secured to cooling plate 26. It should be understood that supports 
230 may also be welded or secured to the press frame. Supports 230 position conduit 226 between rigid mold 219 and. 
conformable pressing assembly 216 to direct air from openings 228 to peripheral edges 20a or a peripheral portion of 

.30 . sheet 20 during bending. :.. — - . v. *\. . r . /. . , 

[0045] In this manner, the edges 20a of sheet 20 are cooled so that edges 20a are placed in compression to achieve 
edge toughening of sheet 20 while sheet 20 is bent and the upper and lower surfaces of sheet 20 are contact tempered 
by rigid mold assembly 212 and conformable pressing assembly 216. Preferably, conformable pressing assembly 216, 
rigid mold assembly 212, and air manifold 224 cool edges 20a and the upper and lower surfaces of sheet 20 at a 

35 generally uniform rate. However, it can be appreciated that in some applications, for instance in windshields, it is 
desirable to cool the edge of the glass sheet at a faster rate than the central portion of the sheet to provide an enhanced 
edge temper on the glass sheet whereby the central glass area will break into large pieces when the sheet is subjected 
to excessive forces. 

[0046] As best seen in Figures 15-17, supports 230 and conduit 226 are positioned inwardly of weighted ring 268 of 
carrier assembly 214 and of gripping clamp 235 of conformable pressing assembly 216 to avoid an interference. Con- 
sequently, when flexible, conformable membrane 233 of pressing assembly 216 extends and presses against sheet 
20, membrane 233 will roll around manifold 224 thereby conforming to the shape of conduit 226 to permit air tempering 
of the edges of sheet 20 during the bending and sheet contact tempering process. Similar to membranes 33 and 133, 
membrane 233 comprises a non-porous flexible material, which will conform to the rigid mold 219 and is capable of 
45 withstanding high pressures and temperatures. The membrane also may comprise a composite material. In some 
cases, the membrane may be slightly porous for tempering, for example a perspiring or oozing bladder. One example 
of a suitable composite is a thin copper woven cloth with an underlayment of KEVLAR ® film and an underlayment of 
stainless steel cloth. 

[0047] Where membrane 233 completely encloses manifold 224, conduit 226 preferably includes a plurality of ex- 
50 haust vents 229 (Figure 29A and 29B). Vents 229, in the illustrated embodiment, comprise tubular members 229a 
which are preferably welded or otherwise fixedly secured to conduit 226 at spaced intervals around the manifold. As 
best seen in Figure 29A and 29B, vents are generally orthogonal to conduit 226 and project outwardly from membrane 
233 so that the air which is directed to the edge of sheet 20 can escape through the passage provided by tubular 
members 229a. It should be understood that vents 229 may comprise channel shaped members or any other member 
55 having a passageway formed therein or therethrough. Furthermore, vents 229 may be formed by a plurality of spaced 
solid members, whereby the air is exhausted from the spaces formed between the adjacent members. Vents 229 may 
also be provided by a plurality of air relief passages 225a formed in molding surface 225 (Figures 15 and 19) . Air relief 
passages 225a preferably comprise a plurality of radially spaced grooves that extend from inside manifold 224 to the 



11 



EP 0 838 438 B1 



outer perimeter of rigid mold 219. These grooves on the molding surface provide passages so that the air used to cool 
the heated sheet 20 can be exhausted from between the rigid mold 219 and membrane 233. It should be understood 
that there are numerous ways of forming or providing exhaust passages or exhaust vents. 

[0048] As in the case of bending apparatus 10, the glass sheet (20) is first heated to a temperature so that sheet 20 
5 is in a formable state, for example preferably between about 538 and 677 degrees Celsius (1000 and 1250 degrees 
Fahrenheit), before the sheet is positioned in the bending and tempering apparatus 210. The air directed to the sheet 
by manifold 224 is preferably in a temperature range between about 21 to 43 degrees Celsius (70 to 110 degrees 
Fahrenheit). More preferably, the air is in a temperature range of about 21 to 32 degrees Celsius (70 to 90 degrees 
Fahrenheit). Furthermore, the tempering cycle, that is the time period over which air is directed to the sheet and the 
10 sheet is contacted by either the rigid mold assembly or the conformable pressing assembly, is preferably in a range of 
about 5 seconds to 20 seconds. More preferably, the tempering cycle is in a range of about 7 to 1 5 seconds. When 
cooling a glass sheet, the outer skin or surfaces of the sheet cool faster than the inner layer or core of the sheet. As 
a result the outer surfaces are placed in compression while the inner layer or core of the sheet is placed in tension, 
which tempers the glass sheet. To temper the edge of the sheet, the edge of the sheet is cooled at a faster rate than 
15 the central portions of the sheet inducing a compressive force at the edge of the glass sheet, which prevents sponta- 
neous breakage and reduces the sensitivity of the edge of the sheet to breakage. 

[0049] In another embodiment shown in Figures 16-18, conduit 226 is supported by a flexible support 330, such as 
a cable. As best seen in Figs 17 and 18, when the flexible, conformable membrane 233 of pressing assembly 216 is 
extended and presses against sheet 20, membrane 233 will press against manifold 224. Since supports 330 are rel- 
20' atively flexible, conduit 226 will be permitted to move closer to molding surface 225 as membrane 233 conforms to the 
shape of conduit 226. 

[0050] In yet another embodiment, shown in Fig. 19, edge tempering of sheet 20 is achieved by an external air 
manifold 324. External manifold 324 includes an annular tubular member 326 having a plurality of openings 328. Annular 
member 326 has a square, rectangular or other tubular cross-section and is welded or otherwise secured to cooling 

25 plate 26. In this manner, annular tubular member 326 extends around the outer perimeter of rigid mold 219 and is 
outside of the path of conformable pressing assembly 216. In the illustrated embodiment, external manifold 324 is 
secured to cooling plate 26, but it should be understood that external manifold 324 can also be welded or otherwise 
secured to the press frame. Air is directed to tubular member 326 through tubing 324a, which is regulated by a valve 
324b and control system 21. Air is directed from openings 328 of conduit 326 to edges 20a of sheet 20 by a baffle 

30 plate 332, which extends downwardly and inwardly such that its terminal portion extends generally parallel to the 
molding surface 225 of rigid mold 219 in order to deflect the air coming out of openings 328 inwardly between rigid 
mold 219 and conformable pressing assembly 216 as conformable pressing assembly 216 presses and rolls sheet 20 
onto rigid mold 219. 

[0051] Baffle plate 332 preferably extends between rigid mold 219 and conformable membrane 233 so that when 
35 pressing assembly 216 moves toward rigid mold 219, conformable membrane 233 rolls against sheet 20 and over the 
distal portions of baffle plate 332. Where the baffle plate 332 is covered by membrane 233, baffle plate 332 preferably 
includes a plurality of apertures 332a to permit the air to exhaust from between rigid mold 219 and conformable pressing 
assembly 216. Alternatively or in addition, rigid molding surface 225 may include air relief passages 225a to exhaust 
the air from between rigid mold 219 and conformable pressing assembly 216. In this application, air relief passages 
40 225a are interconnected by at least one circumferential or annular air passage 225b (Figure 15). At least one air relief 
passage 225a or annular air passage 225b is positioned and aligned with opening 219a so that air relief passages 
225a and annular air passage 225b are in fluid communication with passageway 219b of rigid mold 219. In this manner, 
passageway 219b is used to exhaust the air from between the rigid mold and the membrane 233 to the atmosphere 
through valve 80. 

45 [0052] In yet another arrangement, air relief passages 225a and annular air passage 225b form an air manifold on 
the molding surface of rigid mold 219 to direct air to sheet 20 and edges 20a of sheet 20 to thereby temper sheet 20. 
The flow of air from air relief passages 225a and annular air passage 225b may be controlled by valve 80. The number 
of air passages 225a and 225b, the number of passageways 2 19b, and the size of the grooves forming the air passages 
may be increased or decreased to adjust the flow of air to sheet 20. It should be understood from the foregoing that 

50 air edge tempering of sheet 20 can be achieved using the present invention by any one of or a combination of the 
features described above. 

[0053] Referring to Figs. 22-24 and 28, contact tempering may be achieved by a cover 254 on rigid mold 219, which 
is secured to mold 21 9 by a strap or clamp 217 that extends around the perimeter of rigid mold 219. Cover 254 preferably 
comprises a thin, highly conductive material, and/or a material having a high heat capacity such as a flexible, stainless 
55 steel cloth. More preferably, cover 254 comprises a fiberglass cloth, style 7628, approximately 0.0254cm (0.01 0 inches) 
thick from Burlington Glass Fabrics Co., Rockliegh, New Jersey. By covering rigid mold 219 or rigid mold assembly 
with a highly thermal conductive cover and/or a cover with a high heat capacity, bending and tempering apparatus 210 
achieves significant stress in the bent glass to affect contact tempering or heat strengthening of sheet 20 while sheet 
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20 is rolled against rigid mold assembly 212 by conformable pressing assembly 216 

[0054] Cover 254 may also include a plurality of inserts 254a of a highly thermally conductive material, such as silver, 
copper, aluminum, molybdenum, uranium, titanium, steel, metal alloys, diamond, composites, boron nitrate, or the like, 
with a coefficient of thermal conductivity in the range of about 17.3 to 865 W/(m*m.K/m) (10 to 500 BTU/(hr.ft.degrees 

5 Fahrenheit)) and a heat capacity in a range of about 5.3 to 5380 J/(m*m*m.K) (0.1 to 100 BTU/ft*ft*ft degrees Fahr- 
enheit). More preferably, inserts 254a each have a thermal coefficient of conductivity in a range of about 52 to 519 J/ 
(m*m.K/m) (30 to 300 BTU/hr*ft degrees Fahrenheit). Most preferably, inserts 254a each have a coefficient of thermal 
conductivity in a range of about 80 to 427 W/(m*m.K/m) (46 to 247 BTU/(hr.ftdegrees Fahrenheit)) and a heat capacity 
in the range of about 1613 to 3763 J/(m*m*m.K) (30 to 70 BTU/ft*ft*ft.degrees Fahrenheit). Inserts 254a are preferably 

10 impregnated into or molded in cover 254 to increase the heat transfer from sheet 20 to the rigid mold 219 to further 
affect the contact tempering of sheet 20. Inserts 254a include, for example, deposits of powder, fibers, or the like of 
the highly thermally conductive material mentioned above suspended in a matrix substrate, such as silicone rubber, 
or solid strips or pieces of the highly conductive material. These are just a few examples of several forms inserts 254a 
may take and are not intended to limit the scope of the type of insert that can be used. As best seen in Figure 23, the 

15 density of inserts 254a may be increased around the perimeter of cover 254 and aligned with the peripheral region of 
sheet 20 to increase the rate of heat transfer from edges 20a of the sheet 20 to the rigid mold 219 to affect contact 
edge tempering of sheet 20. 

[0055] In addition or alternatively, as shown in Fig. 24, cover 254 may include a plurality of openings 254b for directing 

air to heated sheet 20. As best seen in Fig. 22, foraminous cover 254 is inflated by air delivered through aperture 219a 
20 and passageway 219b in rigid mold 219 from plant air supply P. However, it should be understood that the air may be: 

supplied from other sources or processed, for example, through a humidifier to inject moisture into the air. As cover 

254 is inflated, openings 254b in cover 254 direct air to sheet 20. Again, the distribution or concentration of openings 
. 254b may be greater around the perimeter of cover 254 to direct more cooling air to edges 20a of sheet 20 (Fig. 24) 

and thereby edge temper sheet 20 by air blasting. To exhaust the air used in this tempering process, conformable 
25 pressing assembly 216 may be stopped just before sheet 20 is completely enclosed by membrane 233. Alternatively, 

conformable pressing assembly 216 may be pressed against sheet 20 until sheet 20 is completely covered and en- 
. closed by membrane 233 and then lowered slightly to permit air to exhaust between rigid mold 219 and membrane ■ 

233. Again, as described previously, relief passages may be formed on rigid mold 219. 

[0056] Rigid mold 219 is of similar construction to rigid mold 19, preferably comprising a solid aluminum mold having 

3Q . a smooth, outer molding surface 225 onto which the heated rigid sheet 20 is pressed and roiled by conformable pressing 
assembly 216. Like mold 19, rigid mold 219 may comprise a male mold having a convex molding surface, a female 
mold having a concave molding surface, or a compound or complex molding surface: Furthermore, rigid mold 219 may 
include an outer layer of a highly thermally conductive material, such as silver, copper, aluminum, molybdenum, ura- 
nium, titanium, steel, metal alloy, diamond, composites, boron nitrate, or the like, to increase the heat transfer from 

35 heated sheet 20 to the rigid mold 219 and thereby affect contact tempering of sheet 20. Moreover, rigid mold 219 may 
comprise a solid silver or copper mold. But since this would likely prohibitively increase the cost of the mold, cladding 
may be the more desirable alternative. Similar to cover 254, rigid mold 219 may be adapted to have a greater thermal 
conductivity and/or heat capacity at the rigid mold's peripheral portion, where the perimeter of sheet 20 will contact 
during bending to affect edge tempering. By increasing the thermal conductivity and heat capacity of the rigid mold at 

40 its perimeter, edges 20a of sheet 20 may be cooled at the same rate or at faster rate than the central portions of the 
sheet to thereby temper sheet 20. A key to achieving a well tempered or heat strengthened sheet of glass is to effectively 
cool the edge to thereby induce a compressive force or stress on the glass edge. As described previously, a compressive 
edge stress is desirable to prevent spontaneous breakage and reduce the sensitivity of the edge to impact breakage. 
[0057] Referring to Figure 20, in which another embodiment of the rigid mold is shown, rigid mold 319 may include 

45 an insert 319c that alignst with the perimeter of sheet 20 to increase the heat transfer from edges 20a of sheet 20 to 
rigid mold 219. Insert 319c is preferably an annular insert to the extent that the insert encompasses the perimeter of 
the glass sheet in the molding apparatus. Insert 319c extends around the perimeter of rigid mold's molding surface 
and is positioned in a corresponding groove 319d provided in rigid mold 219 and may be affixed in groove 319d by an 
adhesive, such as Dow Coming 732. It should be understood that insert 319 may comprise a single piece of material 

50 or a plurality of discrete pieces of material that are aligned in an abutting relationship to form a substantially continuous 
insert. Furthermore, insert 319 may comprise a discontinuous insert having a plurality of discrete inserts that are aligned 
in a plurality of discrete grooves that are formed around the perimeter of rigid mold 219 and positioned to align along 
the perimeter of sheet 20. As best seen in Figure 20, insert 319c preferably projects from molding surface 325 of rigid 
mold 319 by a distance within the range of between about 0cm and 0.18cm (0 and 0.07 inches). In this manner when 

55 sheet 20 is rolled and pressed against rigid mold 219, insert 31 9c wraps around edges 20a and thereby contacts edges 
20a of sheet 20 during the bending and tempering process to contact temper edges 20a. 

[0058] In another preferred form of the rigid mold, which is shown in Figure 21, rigid mold 419 includes an insert 
419c with a T-shaped cross-section having a pair of flanges 41 9f. Flange 41 9f cooperate with a T-shaped groove 419d 
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provided in rigid mold 419 to thereby mechanically hold insert 419c therein. In this manner, insert 4 19c can be inserted 
and mechanically retained in groove 419d without an adhesive. 

[0059] To achieve contact tempering in these embodiments, inserts 319c, 419c preferably have a higher coefficient 
of thermal conductivity and heat capacity than the respective molding surfaces of rigid molds 319, 419 so that when 
5 membrane 233 presses and rolls sheet 20 onto rigid mold 319 or 419 and inserts 319c, 419c contact edges 20a of 
sheet 20 and thereby cool edges 20a. Where enhanced edge tempering is desired, inserts 319c, 419c may be adapted 
to cool edges 20a at a faster rate than the central portion of sheet 20. 

[0060] Preferably inserts 319c, 419c comprise a silicone open cell sponge material, which is available from CHR 
Industries, Rolling Meadows, IL. In this application, porous inserts 319c, 419c are laden with a fluid, such as water, 

10 which on contact with edges 20a of sheet 20 vaporizes thereby removing heat from edges 20a of sheet 20. 

Preferably, the fluid is delivered to the insert and to the sheet of glass below its vaporization temperature. The heat of 
vaporization can be varied to increase or decrease the rate of cooling by using solutions of fluids such as water and 
alcohol. Furthermore, the fluid containing insert material, for example the sponge, can be sealed with a thin membrane 
material such as KEVLAR® so that it conforms to edges 20a of sheet 20, letting the fluid vaporize to remove the heat 

15 from edges 20a while the KEVLAR® membrane remains cool. 

[0061] As best seen in Figs. 20 and 21, rigid molds 319, 419 each includes a passageway 319b, 419b, respectively, 
which may be adapted to deliver fluid to the respective inserts. Passageway 319b delivers fluid to insert 319 through 
a single gate. However, as shown in Figure 21, fluid can be delivered to the insert through an annular manifold 420, 
which is formed internally within rigid mold 419. In the illustrated embodiment, annular manifold 420 preferably includes 

20 one or more gates. In this way, when inserts 319c, 419c contact heated sheet 20 and the fluid in the- inserts absorbs 
heat from sheet 20 and, consequently, evaporates, inserts 3 1 9c, 41 9c will be continuously replenished with fluid through 
the respective passageway 319b or 419b. In further describing the rigid mold of apparatus 210, it should be understood 
Jhat the detaijs and descriptions made in reference to rigid mold 219 may equally apply to rigid molds 319 and 419. " 
[0062] Similar to conformable pressing assembly 16, conformable pressing assembly 216 includes flexible mem- 

25 brane 233, which is adapted to press sheet 20 against rigid mold 219. As best shown in Figures 15-17, flexible, con- 
formable membrane 233 extends over and is secured to the perimeter 234a of an open end 234 of the frame 227 by 
annular gripping element or clamp 235, which is preferably welded to the entire perimeter of cylindrical wall 228. Mem- . 
brane 233 may comprise a silicone rubber material similar to membrane 33 and operates like a diaphragm, flexing in 
and out of open end 234 of frame 227 in response to the pressure applied from fluid 38 in chamber 236. In its extended 

3p_. . position, membrane 233 assumes a convex upper surface 240;for rolling the sheet 20 onto the rigid mold 219. Alterr 
natively, membrane 233 may assume a concave upper surface for rolling against sheet 20. The concave upper surface 
of membrane 233 is particularly applicable when bending and/or tempering a pre-bent heated sheet of glass. As will* 

. : . be described, pre-bending sheets may be preferred in some applications, such as in the case of thin glass sheets. 
•More preferably, membrane 233 comprises a stainless steel cloth available under the name" Bekitherman 

35 FAS800-3166N.V. from Bekaert S.A. Zwevegen, Belgium, witrra underlayment of Teflon coated glass fabric, which is 
available under the part number 100-6TA or 100-60R Block obtained from Greenbelt Industries Inc., Buffalo, New York. 
Reference is made to membrane 33 for further details of operation and other preferred compositions, properties, and 
thicknesses. Furthermore, like membrane 33, flexible membrane 233 is cooled by fluid 38. 

[0063] In this preferred embodiment, fluid 38 is cooled by an external heat exchanger 280 (Fig. 14) and the cooling 

40 cx)ils used in other embodiments of the pressing assembly (16, 116) described above may be omitted. Fluid 38 is 
pumped from chamber 236 through outlet tubing 274a to heat exchanger 280 by a pump 282, which is regulated by 
valve 284 and control system 21. Fluid 38 is then returned to chamber 236 through a return tubing 274b from heat 
exchanger 280. Circulation of fluid 38 through heat exchanger 280 increases the cooling rate of membrane 233 and, 
in turn, of sheet 20. Preferably, the flow rate or the system design must be capable to maintain the incompressible fluid 

45 below 37.8 degrees Celsius (100 degrees Fahrenheit). The cooling capacity varies with the size and design of the 
bending apparatus. Alternatively, an internal heat exchanger, such as the cooling coils 74 described in reference to 
bending apparatuses 10 and 110, may be positioned in chamber 236 to cool fluid 38 and membrane 233. 
[0064] Similar to rigid mold 219, flexible, conformable membrane 233 preferably includes a cover 264 (Figs. 15-18, 
25 and 27) to increase the heat transfer from sheet 20 through membrane 233 to cooling and pressurizing fluid 38. 

50 Cover 264 is preferably of similar material or construction to cover 254 and comprises a fiberglass cloth, style 7628, 
from Burlington Glass Fabrics Co., Rockliegh, New Jersey, having a range of thickness of 0.020cm to 0.030cm (0.008 
to .012 inches). Most preferably, the fiberglass cloth is approximately 0.025cm (0,010 inches) thick. Similar to cover 
254, cover 264 may include a plurality of inserts 264a of highly thermally conductive material, such as silver, copper, 
aluminum, molybdenum, uranium, titanium, steel, metal alloy, diamond, composites, boron nitrate, or the like, with a 

55 coefficient of thermal conductivity in a range of about 17.3 to 865 W/(m*m.K/m) (10 to 500 BTU/(hr.ft.degrees Fahren- 
heit)) and heat capacity in a range of about 5.3 to 5380 J/(m*m*m.K) (0. 1 to 100 BTU/ft*ft*ft degrees Fahrenheit). More 
preferably, each insert 264a has a thermal coefficient of conductivity in a range of about 52 to 519 W/(m*m.K/m) (30 
to 300 BTU/(hr.ft.degrees Fahrenheit). Most preferably, inserts 264a have a thermal coefficient of conductivity in a 
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range of about 80 to 427W/(m*m.K/m) (46 to 247 BTU/(hr.ft.degrees Fahrenheit)) and heat capacity in the range of 
about 1613 to 3763 J/(m*m*m.K)(30 to 70 BTU/fTft degrees Fahrenheit). Similar to inserts 254a, inserts 264a may be 
impregnated into or molded in cover 264 to increase the heat transfer from sheet 20 through the membrane 233 to 
fluid 238 (Fig. 25). As best seen in Figure 25, the density of inserts 264a may be increased around the perimeter of 

s cover 264, which aligns with the peripheral portion of sheet 20 to increase the rate of heat transfer from the perimeter 
edges 20a of the sheet 20 to membrane 233 and thereby cool and contact temper perimeter edges 20a of sheet 20. 
In this manner, heat is rapidly removed from edges 20a of sheet 20 through a highly conductive material and transferred 
to the fluid 38, which preferably comprises water and which provides a good heat transfer medium. Most preferably, 
the cover provides a thin layer of highly conductive material, which together with the water, will quickly withdraw heat 

10 from sheet 20. 

[0065] In addition or alternatively, cover 264 may include a plurality of pores or openings 264b (Fig. 26). Cover 264 
is then preferably inflated by air delivered by a conduit 265 (Figs. 14 and 15), such as tubing or flexible hose, from 
plant air supply P and regulated by a valve 266 and control system 21. As cover 264 is inflated, openings 264b direct 
air to sheet 20. Again, the distribution or concentration of openings 264b may be greater around the perimeter of cover 

15 264 to direct more cooling air to peripheral portion 20a of sheet 20 than to the central portions of the sheet to affect 
air tempering of sheet 20. In some applications, where sufficient edge cooling of sheet 20 is achieved with covers 254 
and 264, manifold 224 or 324 may be omitted. Where manifold 224 or 324 is omitted, flexible membrane 233 and cover 
264 extend over the full width of sheet and wrap around edges 20a of sheet 20 so that as membrane 233 and cover 
264 push and roll sheet 20 against rigid mold 219, sheet 20 is substantially enclosed by membrane 233 and cover 

20 264. As described in reference to rigid mold 219, air passages may be formed on molding surface 225 to exhaust the 
air from between rigid mold 219 and membrane 233. Where rigid mold 219 includes air relief passages 225a, the air 
passes through cover 254 to be vented or exhausted by air relief passages 225a. Since cover 254 is generally porous 
. in most of its forms, air freely passes back and forth through cover 254. 
[0066] As described previously, the term air blasting of sheet 20 is used in its broadest sense. Air blasting can be 

25 achieved by directing air or a gas, such as nitrogen and carbon dioxide and gaseous liquids. For example, gaseous 
liquids, such as moisture laden air, air "fogs", low temperature steam, and anatomized liquids will cool the glass quicker 
than a low humidity gas or air. Therefore, since moisture laden air will tend to cool sheet 20 quicker, moisture laden 
air is preferred for air blasting when bending and tempering thinner sheets of glass. 

[0067] .. In a further embodiment of the method of tempering and bending sheet 20, peripheral edges 20a of sheet 20 • 
30 may be masked .with a masking material, such as stainless steel, applied directly to edges 20a of sheet 20 during .:. 
heating. so that the temperature of the sheet's edges remains at a lower temperature than the central portions of sheet * 
20. In this manner, an edge cooling differential with respect to the central portion of the sheet is achieved from the outset. 
[0068] Alternatively, sheet 20 may be bent before the contact tempering steps of the bending and tempering appa- 
ratus through pre-bending. As a result, the mechanical stress of bending is removed from the tempering process. Pre- 
35 bending can be achieved several ways. For example, in the last heating zone of the furnace, a mold having a molding 
surface is raised during the final heating phase so that the glass sags under the force of gravity into or onto the mold. 
This is known as slump bending. If the mold has a complementary shape to the rigid mold 19, 119, 219, 319 or 419, 
very little bending remains and, therefore, the mechanical stress associated therewith is almost eliminated during the 
final press and tempering phase. In another pre-bending process, a mold having a lower molding surface with vacuum 
40 holes is lowered into the furnace to pre-form the glass to the lower surface of the mold. In this manner, the glass is 
lifted up to the mold and conformed to the lower molding surface by a vacuum. Reference is made to U.S. Patent No. 
4,859,225 for an example of vacuum molding. 

[0069] As described previously, rigid mold 219 is supported by press frame 18 on cooling plate 26. Cooling plate 26 
preferably comprises a metal plate, such as aluminum, with a plurality of transverse passages (not shown) to accom- 

45 modate the flow of cooling fluid through plate 26, which cools the rigid mold 219 by thermal conduction. It should be 
understood that the amount of cooling can be varied by increasing the number of passages, changing the temperature 
of the coolant, and/or by increasing the flow of cooling fluid through the passages to thereby increase the cooling of 
sheet 20. Furthermore, bending and tempering apparatus 210 as described above includes a plurality of components 
for cooling and tempering sheet 20. With the present invention, tempering can be achieved through contact tempering 

50 alone, such as with inserts 319c or 419c and/or covers 254 and 264. 

Furthermore, tempering or toughening can be achieved through the combination of air and contact tempering, such 
as the combination of air manifold 224 or 324 and flexible bladder 233 and or covers 254 and 264. It should be under- 
stood that various combinations of these components can be used to achieve the bending and tempering of sheet 20 
without departing from the scope of this invention. 

55 [0070] The present invention is useful in a variety of applications. For example, a variety of glass substrates can be 
bent and tempered/toughened such as is described herein. Such glass substrates may include specialized glass sub- 
strates such as the ultraviolet absorbing and/or tinted substrates described in U.S. Patent 5, 239, 406. 
[0071] Also, coated glass substrates can be simultaneously bent/tempered or toughened. For example, diffuser coat- 
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ing anti-reflector coated substrates suitable for use as anti-glare screens on cathode ray tube (CRT) displays and the 
like can be used. Such coated substrates are described in U.S. Patent application Serial No. 08/708,803, filed Sep- 
tember 9 f 1996. 

[0072] Also, bendable/temperable functional coatings, such as the elemental semiconductor coated substrate (such 

5 as coated with a layer of silicon or silicon/silicon dioxide/silicon multi-layers to form reflective substrates) disclosed in 
U.S. Patent No. 5,535,056, can be used. Also, a bendable transparent conductor coated substrate, such as a glass 
substrate coated with a doped tin oxide coating (such as with antimony doping or fluorine doping) or a multi-layer 
comprising of a doped tin oxide with ant-iridescence properties can be utilized. Desirably, suitable tin oxide coated 
substrates can be obtained commercially as TEC-Glass" products from Libbey-Owens-Ford Co., LOF Glass Division, 

10 Toledo, Ohio. The TEC-Glass" products, commercially available from Libbey-Owens-Ford Co., are manufactured by 
an on-line chemical vapor deposition process. This process pyrolitically deposits onto clear float glass a multi-layer 
thin film structure, which includes a microscopically thin coating of fluorine-doped tin oxide (having a fine grain uniform 
structure) with additional undercoating thin film layers disposed between the fluorine-doped tin oxide layer and the 
underlying glass substrate. This structure inhibits reflected color and increases light transmittance. The resulting 

15 "TEC-Glass" product is a non-iridescent glass structure having a haze within the range of from about 0.1% to about 
5%; a sheet resistance within the range of from about 10 to about 1 ,000 ohms per square or greater; a daylight trans- 
mission within the range of from about 77% to about 87%; a solar transmission within the range of about 64% to about 
80%; and an infrared reflectance at a wavelength of about 10 u.m within the range of from about 30% to about 87%. 
[0073] Products that can be manufactured utilizing the disclosure of the present invention include electrochromic 

20 mirrors, windows and displays such as are described in U.S. Patent No. 5,910,854. 

[0074] For example, it is useful to temper/toughen the front substrate (and optionally the rear substrate) used in bent, 
laminate electrochromic mirrors, windows and devices where a front bent substrate and a bent rear substrate sand- 
wiches an electrochromic medium, such as is described in US Patent No. 5, 910, 854. 

[0075] Also, bending/tempering simultaneously such as is described herein is useful for economically fabricating 

25 bent, tempered windows such as for automotive glazing. Such bending/tempering can be utilized, for example, for 
forming quarter windows and the like for use in automobiles and where, after bending/tempering, an integral molding 
of a gasket and the like will occur such as is described in U.S. Patent Nos. 4,072,340; 4,139,234; and 5, 544, 458: . 
[0076] Several advantages of the present embodiment are apparent from the preceding description. By providing a 
conformable pressing member, the second rigid mold assembly of a conventional apparatus es eliminated, thus elim- 

30 ,. jnating.the attendant problems with and limitations of a two-part, rigid mold, bending and tempering apparatus and-' 
method. Furthermore, the conforming pressing apparatus may be used to bend and temperglass products of varying 
thickness and dimensions. In the conventional two-part rigid mold assembly, both rigid molds must be customized for/? 
sheets of different thickness and dimensions. Because of the flexible, conformable characteristics of the conformable 
pressing element, the rigid mold is not subject to damage if a foreign object is inadvertently left in the bending apparatus. 

35 Moreover, the placement of the heated sheet between the rigid mold and the conformable pressing element is provided 
with a far greater tolerance than the two-part rigid mold apparatus. In a conventional apparatus and method, the heated 
sheet of rigid material must be precisely positioned between both rigid mold parts; otherwise, the sheet may break or 
have a far smaller quality area due to increased offset buckling. Therefore, the present invention also eliminates process 
control steps and their corresponding monitors or sensors, which would otherwise be needed to provide feedback or 

40 input. Also, the need for precise mold alignment is eliminated, and the applied pressure is totally controllable during 
bending, is uniform in a radial sense, and spatially uniform after bending. 

[0077] Other advantages of the present invention include providing a combined bending and tempering apparatus 
which may be used to bend and temper thin sheets of glass, such as glass sheets having a nominal thickness of less 
than 3mm or of 1.7 mm or less. By bending the heated sheet with a conformable pressing element, an air manifold for 

45 supplying the air can be positioned internally within the bending apparatus to achieve a relatively simultaneous bending 
and tempering of the glass. Contact tempering and bending is achieved by providing a rigid mold and a conformable 
pressing element that are adapted to have higher thermal conductivity at their respective peripheral regions for con- 
tacting the edge of the sheet to thereby increase the cooling of the edge and induce a temperature differential across 
the heated sheet to temper the sheet of glass. 

50 [0078] While several forms of the invention have been shown and described, other forms will now be apparent to 
those skilled in the art. For example, various other materials may be used for membranes 33, 133, and 233 provided 
they have sufficient flexibility and strength to conform sheet 20 to the respective rigid mold. Furthermore, membranes 
33, 133, and 233 must be able to with stand the high temperatures associated with bending and temperature. Further- 
more, various cooling and pressurizing fluids may be used to inflate and cool membranes 33, 133, and 233 to achieve 

55 the same effect. The embodiments of the invention described and shown in the drawings are not intended to limit the 
scope of the invention which is defined by the claims which follow. 
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Claims 

1. An apparatus for bending a sheet of material (20) heated to a formable state, said apparatus comprising: 

a mold (19) having a rigid molding surface (24), and 

a conformable pressing element (33) for pressing the heated sheet against the rigid molding surface, 
the apparatus being constructed and arranged to effect movement of said conformable pressing element (33) 
towards said rigid molding surface (24) from a holding position in which said conformable pressing element 
is spaced from said rigid molding surface to a pressing position in which the sheet of material is pressed 
against said rigid molding surface by said conformal pressing element, 

characterised in that: 

the apparatus is constructed and arranged to effect said movement of said conformable pressing element (33) 
towards said rigid molding surface (24) from said holding position to initial and final pressing positions, and 
the apparatus further includes a control means (21) for urging said conformable pressing element (33) to 
assume a generally convex outer surface (40) before said conformable pressing element (33) moves to said 
initial pressing position, said convex outer surface (40) defining a pressing surface for pressing a portion of 
the heated sheet (20) when said conformable pressing element (33) moves from said holding position to said 
initial pressing position, said pressing surface (40) flexing as said conformable pressing element moves from 
said initial pressing position to said final pressing position whereby said conformable pressing element (33) 
rolls against the heated sheet (20) and correspondingly rolls the heated sheet against said rigid molding surface 
(24) for conforming the heated sheet to said rigid molding surface. 

2. An apparatus according to Claim 1 , wherein the conformable pressing element (33) is adapted to roll the heated 
sheet (20) from a central portion of the heated sheet to its perimeter, or vice versa. 

3. An apparatus according to Claim 1 . wherein the conformable pressing element (33) comprises a flexible diaphragm. 

. 4. An. apparatus according to Claim 3, further comprising a frame (27) having an open end (34), said frame supporting . . . 
said flexible diaphragm (33) to extend across said-open end, and said flexible diaphragm being adapted to flex in 
and out of said open end of said frame for pressing and rolling the heated sheet (20) against said rigid molding 
surface (24). 

5. An apparatus according to Claim 4, said control (21) including a pressurized system (22) to extend said flexible 
diaphragm (33) out of said open end of said frame for pressing and rolling the heated sheet (20). 

6. An apparatus according to Claim 5, wherein said flexible diaphragm (33) is adapted to assume a convex upper 
surface (40), said pressurized system including a chamber (36) below said diaphragm and a substantially incom- 
pressible, pressurized fluid (38) in said chamber for expanding and urging said flexible diaphragm into its convex 
shape. 

7. An apparatus according to any one of Claims 3 to 6, further including means (74) for cooling said flexible diaphragm 
(33). 

8. An apparatus according to Claim 6, wherein said chamber (36) includes a body (42) of compressible fluid to pres- 
surize said fluid. 

9. An apparatus according to any preceding claim, further comprising a carrier (14) for holding the heated sheet (20) 
before, during, and after bending, said carrier including a support surface (54). 

10. An apparatus according to Claim 9, wherein said support surface (54) is flexible and is adapted to maintain the 
heated sheet (20) substantially flat before bending. 

11. An apparatus according to Claim 10, said carrier (14) comprising a hoop frame (50) and a flexible fabric (54) 
supported by said hoop frame, said flexible fabric providing said support surface for the heated sheet, said hoop 
frame including an inner perimeter, and said flexible fabric supporting a weight (68) adjacent said inner perimeter 
of said hoop frame whereby said flexible fabric is tensioned by said weight to form a generally planar flexible 
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support surface. 

12. An apparatus according to any preceding Claim, wherein said rigid molding surface (24) includes at least one 
thermal discontinuity (19a). 

5 

13. An apparatus according to any one of Claims 1 to 8, wherein said heated sheet (20) is glass, and at least one of 
said conformable pressing element (33) and said rigid molding surface (24) is adapted to cool the heated sheet 
(20) of glass thereby tempering the heated sheet of glass. 

10 14. An apparatus according to Claim 13, wherein at least one of said rigid molding surface (24) and said conformable 
pressing element (33) includes a cover (264), said cover being adapted to cool the heated sheet of glass. 

15. An apparatus according to Claim 14, wherein said cover (264) is porous or includes a plurality of openings, said 
cover being inflated by a gas, and said cover directing the gas to the heated sheet (20) of glass thereby cooling 

15 the heated sheet of glass. 

16. An apparatus according to Claim 14, wherein said cover (264) includes a peripheral region and a central region, 
said peripheral region having a first thermal coefficient of conductivity and a first heat capacity, said central region 
having a second thermal coefficient of conductivity and a second heat capacity, said first thermal coefficient of 

20 conductivity and said first heat capacity being greater than said second thermal coefficient of conductivity and said 

second heat capacity, respectively, for cooling the perimeter of the heated sheet at least as fast as the central - 
portion of the heated sheet of glass to thereby temper the edge of the sheet of glass. 

17. An apparatus according to Claim 16, said cover having a plurality of inserts (254a) defining said first and second 
25 thermal coefficients of conductivity and heat capacities. 

18. An apparatus according to Claim 13, further comprising a conduit (226) positioned for delivering a gas to at least 
a portion of the heated sheet (20) of glass for cooling the heated sheet of glass during bending to thereby temper 
the portion of the heated sheet of glass. 

30 ;.. r.- . •, . • . ■ ■ f ■• • . ..*. :.. . .. . • . ■ : -. 

19. An apparatus according to Claim 18, further comprising a press .frame (18), said rigid molding surface (24) being 
supported by said press frame and having a periphery, said conduit comprising a manifold (224), said manifold 
being supported by said press frame and extending around said periphery of said rigid molding surface and being 
adapted to direct the gas to the edge of the heated sheet of glass. 

35 

20. An apparatus according to Claim 18, wherein said conduit comprises a groove (225a) in said rigid molding surface, 
said groove having an insert (319c) positioned therein, and said insert being adapted for cooling the edge of the 
sheet (20). 

40 21. An apparatus according to Claim 20, wherein said insert (319c) is adapted to hold a fluid for cooling the edge of 
the heated sheet. 

22. A method of bending a sheet of material (20) heated to a formable state, said method comprising: 

<5 providing a mold (19) having a rigid molding surface (24), 

providing a conformable pressing element (33) for pressing the heated sheet against the rigid molding surface, 
and 

effecting movement of said conformable pressing element (33) towards said rigid molding surface (24) from 
a holding position in which said conformable pressing element is spaced from said rigid molding surface to a 
50 pressing position in which the sheet of material is pressed against said rigid molding surface by said conformal 

pressing element, 

characterised In that: 

55 the movement of said conformable pressing element (33) towards said rigid molding surface (24) is effected 

between said holding position and initial and final pressing positions; and 

said conformable pressing element (33) is urged to assume a generally convex outer surface (40) before said 
conformable pressing element (33) and said rigid molding surface (24) move to said initial pressing position, 
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said convex outer surface (40) defining a pressing surface for pressing a portion of the heated sheet (20) when 
said conformable pressing element (33) moves from said holding position to said initial pressing position, said 
pressing surface (40) flexing as said conformable pressing element moves from said initial pressing position 
to said final pressing position whereby said conformable pressing element (33) rolls against the heated sheet 
(20) and correspondingly rolls the heated sheet against said rigid molding surface (24) for conforming the 
heated sheet to said rigid molding surface. 



Pate ntansp ruche 

1. Vorrichtung zum Biegen einer Platte (20) eines Materials, die auf einen formfahigen Zustand erhitzt ist, wobei die 
genannte Vorrichtung umfasst: 

eine Form (19) mit einer starren Formflache (24), und 

ein anpassungsfahiges Presselement (33) zum Pressen der erhitzten Platte gegen die starre Formflache, 

wobei die Vorrichtung aufgebaut und eingerichtet ist, um Bewegung des genannten anpassungsfahigen Pressele- 
ments (33) in Richtung auf die genannte starre Formflache (24) von einer Halteposition, in der das genannte 
anpassungsfahige Presselement von der genannten starren Formflache beabstandet ist; zu einer Pressposition 
zu bewirken, in der die Materialplatte gegen die genannte starre Formflache durch das genannte anpassungsfahige 4 
Presselement gedruckt wird, 
dadurch gekennzeichnet, dass 

die Vorrichtung aufgebaut und eingerichtet ist, um die genannte Bewegung.des genannten anpassungsfahigen 
Presselements (33) in Richtung auf die genannte starre Formflache (24) von der genannten Halteposition zu der 
Anfangs- und Endpressposition zu bewirken, und 

die Vorrichtung ferner ein Steuermittel (21) zum Driicken des genannten anpassungsfahigen Presselements (33) 
einschliefit, um eine allgemein konvexe AufJenflache (40) anzunehmen, bevor das genannte anpassungsfahige - 
Presselement (33) sich zu der genannten Anfangspressposition bewegt, wobei die genannte konvexe Auftenflache 
(40) eine Pressflache zum Pressen eines Teils der erhitzten Platte (20). definiert, wenn sich das genannte anpas- 
sungsfahige Presselement (33) aus der genannten Halteposition in die genannte Anfangspressposition bewegt,^ 
wobei sich die genannte Pressflache (40) biegt, wenn sich das genannte anpassungsfahige Presselement aus- 
der genannten Anfangspressposition zur genannten Endpressposition bewegt, wodurch das genannte anpas- 
sungsfahige Presselement (33) gegen die erhitzte Platte (20) walzt und dementsprechend die erhitzte Platte gegen 
die genannte starre Formflache (24) walzt, um die erhitzten Platte an die Form der genannten starren Formflache 
anzupassen. 

2. Vorrichtung nach Anspruch 1 , bei der das anpassungsfahige Presselement (33) ausgelegt ist, um die erhitzte 
Platte (20) von einem Mittelteil der erhitzten Platte zu ihrem Umfang zu walzen, Oder umgekehrt. 

3. Vorrichtung nach Anspruch 1 , bei der das anpassungsfahige Presselement (33) eine flexible Membran aufweist. 

4. Vorrichtung nach Anspruch 3, die ferner einen Rahmen (27) mit einem offenen Ende aufweist, wobei der genannte 
Rahmen die genannte flexible Membran (33) halt, um sich uber das genannte offene Ende auszudehnen, und die 
genannte flexible Membran ausgelegt ist, um sich zum Pressen und Walzen der erhitzten Platte (20) gegen die 
genannte starre Formflache (24) in das genannte offene Ende des genannten Rahmens hinein und aus diesem 
heraus zu biegen. 

5. Vorrichtung nach Anspruch 4, wobei die genannte Steuerung (21) ein Drucksystem (22) einschlieSt, um die ge- 
nannte flexible Membran (33) zum Pressen und Walzen der erhitzten Platte (20) aus dem genannten offenen Ende 
des genannten Rahmens heraus auszudehnen. 

6. Vorrichtung nach Anspruch 5, bei der die genannte flexible Membran (33) ausgelegt ist, um eine konvexe obere 
Oberflache (40) anzunehmen, wobei das genannte Drucksystem eine Kammer (36) unter der genannten Membran 
und ein im wesentlichen nicht kompressibles Druckfluid (38) in der genannten Kammer zum Ausdehnen und Druk- 
ken der genannten flexiblen Membran in ihre konvexe Form aufweist. 

7. Vorrichtung nach einem der Anspruche 3 bis 6, die ferner Mittel (74) zum Kuhlen der genannten flexiblen Membran 
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(33) einschlieBt. 

8. Vorrichtung nach Anspruch 6, bei der die genannte Kammer (36) einen Korper (42) aus kompressiblem Fluid 
einschlieBt, urn das genannte Fluid unter Druck zu setzten. 

5 

9. Vorrichtung nach einem vorhergehenden Anspruch, die femer einen Trager (14) zum Halten der erhitzten Platte 
(20) vor, wahrend und nach Biegen aufweist, wobei der genannte Trager eine Halteflache (54) einschlieBt. 

10. Vorrichtung nach Anspruch 9, bei der die genannte Halteflache (54) flexibel und ausgelegt ist, um die erhitzte 
10 Platte (20) vor Biegen im wesentlichen flach zu halten. 

11. Vorrichtung nach Anspruch 10, bei bei der genannte Trager (14) einen Ringrahmen (50) und ein flexibles Gewebe 
(54) gehalten durch den genannten Ringrahmen aufweist, wobei das genannte flexible Gewebe die genannte 
Halteflache fur die erhitzte Platte bereitstellt, der genannte Ringrahmen einen Innenumfang einschlieBt, und das 

15 genannte flexible Gewebe ein Gewicht (68) angrenzend an den Innenumfang des genannten Ringrahmens halt, 

wodurch das genannte flexible Gewebe durch das genannte Gewicht gespannt wird, um eine allgemein ebene 
flexible Halteflache zu bilden. 

12. Vorrichtung nach einem vorhergehenden Anspruch, bei der die genannte starre Formflache (24) mindestens eine 
-20 ; Warmed iskontinuitat (19a) einschlieBt. 

13. Vorrichtung nach einem der Anspruche 1 bis 8, bei der die genannte erhitzte Platte (20) Glas ist, und mindestens 
eins des genannten anpassungsfahigen Presselements (33) und der genannten starren Formflache (24) zum Ab- 
kuhlen der erhitzten Platte (20) aus Glas ausgelegt ist, wodurch die erhitzte Glasplatte ausgehartet wird. ' 

25 • 

14. Vorrichtung nach Anspruch 13, bei der mindestens eins der genannte starren Formflache (24) und des genannten 
. . anpassungsfahigen Presselements (33) eine Abdeckung (264) aufweist, wobei die genannte Abdeckung zum Kutv 

len der erhitzten Glasplatte ausgelegt ist. 

•30 15.. Vorrichtung nach Anspruch 1 4, bei der die genannte Abdeckung (264) poros ist oder eine Mehrzahl von Offnungen 
einschlieBt, wobei die genannte Abdeckung durch ein Gas aufgeblasen wird, und die genannte Abdeckung das 
Gas auf die erhitzte Platte (20) aus Glas richtet, wodurch die erhitzte Glasplatte gekuhlt wird.. 

16. Vorrichtung nach Anspruch 14, bei der die genannte Abdeckung (264) einen Umfangsbereich und einen Mittelbe- 
35 reich einschlieBt, wobei der genannte Umfangsbereich einen ersten Warmeleitkoeffizienten und eine erste War- 
mekapazitat aufweist, der genannte mittige Bereich einen zweiten Warmeleitkoeffizienten und eine zweite War- 
mekapazitat aufweist, wobei der genannte erste Warmeleitkoeffizient und die genannte erste Warmekapazitat 
groBer als der genannte zweite Warmeleitkoeffizient bzw. die genannte zweite Warmekapazitat sind, um die au- 
Bere Begrenzung der erhitzten Platte mindestens so schnell wie den Mittelteil der erhitzten Glasplatte abzukiihlen 

40 und dadurch die Kante der Glasplatte auszuharten. 

17. Vorrichtung nach Anspruch 16, bei der die genannte Abdeckung eine Mehrzahl von Einsatzen (254a) aufweist, 
die die genannten ersten und zweiten Warmeleitkoeffizienten und Warmekapazitaten definieren. 

45 18. Vorrichtung nach Anspruch 13, die ferner eine Leitung (226) aufweist, welche zum Befordern eines Gases zu 
mindestens einem Teil der erhitzten Platte (20) aus Glas zum Kuhlen der erhitzten Glasplatte wahrend Biegen 
positioniert ist, um dadurch den Teil der erhitzten Glasplatte auszuharten. 

19. Vorrichtung nach Anspruch 18, die ferner einen Pressrahmen (18) aufweist, wobei die genannte starre Formflache 
so (24) durch den genannten Pressrahmen gehalten wird und einen Umfang aufweist, wobei die genannte Leitung 

eine Leitungsabzweigung (224) aufweist, und die genannte Leitungsabzweigung durch den genannten Pressrah- 
men gehalten wird und sich um den genannten Umfang der genannten starren Formflache erstreckt und ausgelegt 
ist, um das Gas zur Kante der erhitzten Glasplatte zu leiten. 

55 20. Vorrichtung nach Anspruch 18, bei der die genannte Leitung eine Nut (225a) in der genannten starren Formflache 
aufweist, wobei die genannte Nut einen darin positionierten Einsatz (319c) umfasst, und der genannte Einsatz 
zum Kuhlen der Kante der Platte (20) ausgelegt ist. 
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21. Vonichtung nach Anspruch 20, bei der der genannte Einsatz (319c) ausgelegt ist, urn ein Fluid zum Kuhlen der 
Kante der erhitzten Platte zu halten. 

22. Verfahren zum Biegen einer Platte aus Material (20), die auf einen formfahigen Zustand erhitzt ist, wobei das 
genannte Verfahren umfasst: 

Vorsehen einer Form (19) mit einer starren Formflache (24). 

Vorsehen eines anpassungsfahigen Presselements (33) zum Pressen der erhitzten Platte gegen die starre 
Formflache, und 

Bewirken von Bewegung des genannten anpassungsfahigen Presselements (33) in Richtung auf die starre 
Formflache (24) von einer Halteposition, in der das genannte anpassungsfahige Presselement von der ge- 
nannten starren Formflache beabstandet ist, zu einer Pressposition, in der die Materialplatte durch das ge- 
nannte anpassungsfahige Presselement gegen die genannte starre Formflache gepresst wird, 

dadurch gekennzeichnet, dass: 

die Bewegung des genannten anpassungsfahigen Presselements (33) in Richtung auf die genannte starre 
Formflache (24) zwischen der genannten Halteposition und einer Anfangsund Endpressposition bewirkt wird, 
und 

das genannte anpassungsfahige Presselement (33) gedruckt wird, urn eine allgemein konvexe Aufienflache 
(40) anzunehmen, bevor das genannte anpassungsfahige Presselement (33) und die genannte starre Form- 
flache (24) sich zu der genannten Anfangspressposition bewegen, wobei die genannte konvexe Aufienflache 
(40) eine Pressflache zum Pressen eines Teils der erhitzten Platte (20) definiert, wenn das genannte anpas- 
sungsfahige Presselement (33) sich von der genannte Halteposition zu der genannten Anfangspressposition 
bewegt, und die genannte Pressflache (40) sich biegt, wenn das genannte anpassungsfahige Presselement 
sich von der genannten Anfangspressposition zur genannten Endpressposition bewegt, wodurch das genann- 
te anpassungsfahige Presselement (33) gegen die erhitzte Platte (20) walzt und dementsprechend die erhitzte 
Platte gegen die genannte starre Formflache (24) walzt, um die erhitzte Platte an die Form der genannte 
starren Formoberflache anzupassen. ■ . 



Revendicatfons 

1. Appareil pour cintrer une feuille de materiau (20) chauffee jusqu'a un etat formable, ledit appareil comprenant : 
un moule (19) ayant une surface de moulage rigide (24), et 

un element de pressage pouvant etre conforme (33) pour presser la feuille chauffee contre la surface de 
moulage rigide, 

cet appareil etant construit et dispose de fagon a permettre ('execution du mouvement dudit element de pres- 
sage pouvant etre conforme (33) vers ladite surface de moulage rigide (24) depuis une position d'attente, 
dans laquetle ledit element de pressage pouvant etre conforme est ecarte de ladite surface de moulage rigide, 
jusqu'a une position de pressage dans laquelle la feuille de materiau est pressee contre ladite surface de 
moulage rigide par ledit element de pressage pouvant etre conforme, 

caracteris6 en ce que: 

cet appareil est construit et dispose de fagon a permettre ('execution dudit mouvement dudit element de pres- 
sage pouvant etre conforme (33) vers ladite surface de moulage rigide (24) depuis ladite position d'attente 
jusqu'auxdites positions initiate et finale de pressage, et 

cet appareil comprend egalement un moyen de commande (21) pour pousser ledit element de pressage pou- 
vant etre conforme (33) a prendre une forme exterieure generalement convexe (40) avant que ledit element 
de pressage pouvant etre conforme (33) ne se deplace dans ladite position initiale de pressage, ladite surface 
exterieure convexe (40) definissant une pression de surface pour presser une portion de la feuille chauffee 
(20) lorsque ledit element de pressage pouvant etre conforme (33) se deplace depuis ladite position d'attente 
jusqu'a ladite position initiale de pressage, ladite surface de pressage (40) ployant lorsque ledit element de 
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pressage pouvant etre conforme se deplace depuis ladite position initiate de pressage jusqu'a ladite position 
finale de pressage, ce qui fait que ledit element de pressage pouvant etre conforme (33) roule centre la feuille 
chauffee (20) et roule de ce fait la feuille chauffee contre ladite surface de moulage rigide (24) pour conformer 
la feuille chauffee a ladite surface de moulage rigide. 

2. Appareil selon la revendication 1, dans lequel I'element de pressage pouvant etre conforme (33) est adapte de 
fagon a rouler la feuille chauffee (20) depuis une portion centrale de la feuille chauffee jusqu'a son perimetre, ou 
vice versa. 

3. Appareil selon la revendication 1, dans lequel I'element de pressage pouvant etre conforme (33) comprend un 
diaphragme flexible. 

4. Appareil selon la revendication 3, comprenant egalement un bati (27) ayant une extremite ouverte (34), ledit bati 
supportant ledit diaphragme flexible (33) pour qu'il s'etende en travers de ('extremite ouverte, et ledit diaphragme 
flexible etant adapte de fagon a ployer vers Nnterieur et vers I'exterieur de ladite extremite ouverte dudit bati pour 
presser et rouler la feuille chauffee (20) contre ladite surface de moulage rigide (24). 

5. Appareil selon la revendication 4, ladite commande (21) comprenant un systeme pressurise (22) afin de faire 
s'etendre ledit diaphragme flexible (33) hors de ladite extremite ouverte dudit bati pour presser et rouler la feuille 
chauffee (20). 

6. Appareil selon la revendication 5, dans lequel ledit diaphragme flexible (33) est adapte de fagon a prendre une 
surface, superieure convexe (40), ledit systeme pressurise comprenant une chambre (36) en dessous dudit ■■ 
diaphragme et un fluide pressurise, essentiellement incompressible (38) dans ladite chambre pour faire s'etendre 
ledit diaphragme flexible et le pousser dans sa forme convexe. 

7. Appareil selon rune quelconque des revendications 3 a 6, comprenant egalement un moyen (74) pour refroidir 
• . ledit diaphragme flexible (33). • 

8. Appareil selon la revendication 6, dans lequel ladite chambre (36) comprend tin corps (42) defluide compressible . 
pour pressuriser ledit fluide. : 

9. Appareil selon I'une quelconque des revendications precedentes, comprenant egalement un support (14) pour 
tenir la feuille chauffee (20) avant, pendant et apres le cintrage, ledit support comprenant une surface de support 
(54). 

10. Appareil selon la revendication 9, dans lequel ladite surface de support (54) est flexible et est adaptee de fagon 
a maintenir la feuille chauffee (20) essentiellement plate avant le cintrage. 

11. Appareil selon la revendication 10, ledit support (14) comprenant un cadre circulaire (50) et une etoffe flexible (54) 
supportee par ledit cadre circulaire, ladite etoffe fournissant ladite surface de support pour la feuille chauffee, ledit 
cadre circulaire comprenant un perimetre interieur, et ladite etoffe flexible supportant un poids (68) adjacent audit 
perimetre interieur dudit cadre circulaire, ce qui fait que ladite etoffe flexible est tendue par ledit poids pour former 
une surface de support flexible generalement plane. 

12. Appareil selon Tune quelconque des revendications precedentes, dans lequel ladite surface de moulage rigide 
(24) comprend au moins une discontinuite thermique (19a). 

13. Appareil selon Tune quelconque des revendications 1 a 8, dans lequel ladite feuille chauffee (20) est du verre, et 
au moins un dudit element de pressage pouvant etre conforme (33) et de ladite surface de moulage rigide (24) 
est adapte de fagon a refroidir la feuille de verre chauffee (20), trempant ainsi la feuille de verre chauffee. 

14. Appareil selon la revendication 13, dans lequel au moins une de ladite surface de moulage rigide (24) et dudit 
element de pressage pouvant etre conforme (33) comprend un couvercle (264), ledit couvercle etant adapte pour 
refroidir la feuille de verre chauffee. 

15. Appareil selon la revendication 14, dans lequel ledit couvercle (264) est poreux ou comprend une pluralite d'ouver- 
tures, ledit couvercle etant gonfle par un gaz, et ledit couvercle dirigeant ce gaz vers la feuille de verre chauffee 
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(20), refroidissant ainsi la feuille de verre chauffee. 

16. Appareil selon la revendication 14, dans lequet ledit couvercle (264) comprend une region peripherique et une 
region centrale, ladite region peripherique ayant un premier coefficient de conductivite thermique et une premiere 
capacite calorifique, ladite region centrale ayant une deuxieme coefficient de conductivite thermique et une deuxie- 
me capacite calorifique, ledit premier coefficient de conductivite thermique et ladite premiere capacite calorifique 
etant plus grands que ledit deuxieme coefficient de conductivite thermique et que ladite deuxieme capacite calo- 
rifique, respectivement, afin de refroidir le perimetre de la feuille chauffee au moins aussi vite que la portion centrale 
de la feuille de verre chauffee de facon a tremper ainsi le bord de la feuille de verre. 

17. Appareil selon la revendication 16, ledit couvercle ayant une pluralite de pieces rapportees (254a) definissant 
lesdits premier et deuxieme coefficients de conductivite thermique et lesdites premiere et deuxieme capacites 
calorifiques. 

18. Appareil selon la revendication 13, comprenant egalement un conduit (226) positionne de facon a refouler un gaz 
jusqu'a au moins une portion de la feuille de verre chauffee (20) afin de refroidir la feuille de verre chauffee pendant 
le cintrage pour tremper ainsi cette portion de la feuille de verre chauffee. 

19. Appareil selon la revendication 18, comprenant egalement un bati de presse (18), ladite surface de moulage rigide 
(24) etant supportee par ledit bati de presse et ayant une peripherie, ledit conduit comprenant un collecteur (224), 
ledit collecteur etant supporte par ledit bati de presse et s'etendant autour de ladite peripherie de ladite surface 
de moulage rigide et etant adapte de facon a dinger le gaz jusqu'au bord de la feuille de verre chauffee. 

20. Appareil selon la revendication 18, dans lequel ledit conduit comprend une gorge (225a) dans ladite surface de 
moulage rigide, ladite gorge ayant une piece rapportee (319c) positionnee a I'interieur, et ladite piece rapportee 
etant adaptee pour refroidir le bord de la feuille (20). 

21. Appareil selon la revendication 20, dans lequel ladite piece rapportee (319c) est adaptee de facon a contenir un 
fluide pour refroidir le bord de la feuille chauffee. » : " • 

22. Procede de cintrage d'une feuille de materiau (20) chauffee jusqu'a un etat formable, ledit procede comprenant : 

la fourniture d'un moule (19) ayant une surface de moulage rigide (24), 

la fourniture d'un element de pressage pouvant etre conforme (33) pour presser la feuille chauffee contre la 
surface de moulage rigide, et 

I'execution du mouvement dudit element de pressage pouvant etre conforme (33) vers ladite surface de mou- 
lage rigide (24) depuis une position d'attente, dans laquelle ledit element de pressage pouvant etre conforme 
est ecarte de ladite surface de moulage rigide, jusqu'a une position de pressage dans laquelle la feuille de 
materiau est pressee contre ladite surface de moulage rigide par ledit element de pressage pouvant etre 
conforme, 

caracterise en ce que : 

le mouvement dudit element de pressage pouvant etre conforme (33) vers ladite surface de moulage rigide 
(24) est execute entre ladite position d'attente et lesdites positions initiate et finale de pressage ; et 
ledit element de pressage pouvant etre conforme (33) est pousse a prendre une forme exterieure generale- 
ment convexe (40) avant que ledit element de pressage pouvant etre conforme (33) et ladite surface de mou- 
lage rigide (24) ne se deplacent dans ladite position initiale de pressage, ladite surface exterieure convexe 
(40) definissant une surface de pressage pour presser une portion de la feuille chauffee (20) quand ledit 
element de pressage pouvant etre conforme (33) se deplace depuis ladite position d'attente jusqu'a ladite 
position initiate de pressage, ladite surface de pressage (40) ployant alors que ledit element de pressage 
pouvant etre conforme se deplace depuis ladite position initiate de pressage jusqu'a ladite position finale de 
pressage, ce qui fait que ledit element de pressage pouvant etre conforme (33) route contre la feuille chauffee 
et roule de ce fait la feuille chauffee (20) contre ladite surface de moulage rigide (24) afin de conformer la 
feuille chauffee a ladite surface de moulage rigide. 
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